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object^lasg or magnifier, for then the whole of the light will 
be sure to pass through. If it is intended to reduce the intensity 
of the iUammaticmy then the ma^ifieri &c. should be placed 
within iiie focus according to circomslnsices, and any portbns 
of the edges of the speetntm may thus be cut off at pleasure* 

If the tube {p p p) is unscrewed and rt inoved, another ap- 
propriate mounting may be used in place of it^ and to 
this the various object-glasses may be affixed without the body 
or eyeglasses. The instrument then becomes a solar micro- 
scope of superior construction^ and the image may be thrown 
upon the wall of an 'apartment, the whole apparatus being of 
course removed from the frame {a), and attached to a wiudow- 
shutter in the usual way^ and the room darkened. 

In the case of the engiflcope^ however, the end of the body 
(9) is pushed into its receiver at (r, fig. 2)» which communicates 
with a conical tube of brass^ having a rectangular prism with 
its reflecting side silvered, or a. plane metal adjusted at its 
head \fi), so as to throw 4own the image to the bottom of the 
box or camera, where it is to be received on paper^ or on a 
surface of plaster of Paris duly curved to suit its shape. The 
camera is constructed with windows (v t;)^ so as to admit two 
persons to look at a tune, and might also be made fur three ^ 

amplification, we have only to ulect a lens which shall form an image of the 
sun of the same diameter as the ohje t-^(ass, and give it the largest angle of 
aperture piosibte ; or if a condenser is employed, we may use a lens of long 
focus and large ajif It lire in the first instance, and condense the image 
of the sun by a smaller one into the required compass. I should appre* 
hend that an illuminator of twelve inches aperture, two feet focus* 
WQiildy Si a single glass, give a nuBcmum of light with the lower powns 
wed in commom solar microscopes ; for the higher ones a condenser wonld 
be necessaiy, to enable the whole body of light to clear the small apertures 
of the object-glaesetj and proceed to the picture. 

We maj draw the following iafiMrenee firom what has been here ex« 
plained, viz. that it would be very Msjf to make a solar instrument on a gigan^ 
tie tcale uilh mi illuminator of enormout actual aperture, wluch, nevertheless, 
would have no more lit^ht or hUriom Mghtimt in Uivmgethttn a muth tmaUer 
ene, teient^calUf mude. 
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but I am afraid this would eatise tbe eyes of tbe obaerms to 
be somewhat too far off from tlie image to see its miaatiB 
with sofficient exactness ; (u; u;) are two pieees of wood eanred 

out to till the slope of the upper part of the face ; one in repre- 
sented in a plan separately (at 4) in which ihe aperture (tj) is 
seen, and that part of the block which closes round the nose* 
I have found it necessary to exclude the breath from entering 
the camera^ as it dims the eye-^lass of the engiscope^ and thos 
spoils ihe image. 

The sides of tlie said camera (« u) are made to remuve al 
pleasure^ to permit the observer to draw the image; some 
black drapery being hang on in place of the sides^ to exclude 
extraneons light, while the hand is admitted through a cuff 
made in it. The legs of ^e camera (x x) are made to unscrew 
at pleasure, others of greater length being used in lieu of 
them, when it is necessary to elevate the head of the cauicra to 
the height of the body of the engiscope when equipped with 
the opaque box ; but blocks of wood with holes in them may 
of course also be used for tbe same purpose* The whole of 
the exterior of the conical brass tobe and camera should be 
well blacked, or lined with black silk velvet. And the totality 
of the apparatus of the solar eugiscope should be placed on a 
very firm solid table* in an apartment on a ground floor, in a 
ittnation where the tremor occasioned by the passing of car- 
riages^ &c. cannot be felt. 

jFV^. II I. 

Is the opaque apparatus of the solar engiscope, dilTerin£]j but 
little from that commonly made ; when used^ it applies to tho 
conical part of the body shown in Fig. I, by means of the 
bayonet cateh at {I), as the transparent apparatus did ; (r) is a 
plane mirror governed by the adjusting screw (s)» to throw up 
the light of the illnminator to the object (o), which is adapted 
to the focus of the ubject-glass {k), by means of the adjusting 
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•crew (/ m), which causes the stage which carries the object 
to move backwards and forwards in a socket^ framed in the 
back of the opaque box. However^ I believe it will be fonnd- 
that with such powers as can be used to give images of opaque 
objects, no adjusting screw will be necessary, for the object 
may be pushed to-and-fro with the iiuger with sufficient ex- 
actness* Hie stage is formed by a piece of cork covered with 
black velvety to which insects may be fastened by means of the 
pins used to keep fhem in their Cabinets ; aa may abo other 
objects similarly mounted^ viz.^ on corks having pins passed 
diagonally through tliem : discs also of blackened wood may 
be made to fit into the stage, in place of the cork one, for re- 
ceiving insects ; and a sort of stage wiU be foond very useful 
which merely consists of a little round shelf placed rather , 
below the axis of the optical part y on this any thing may be 
laid for exhibition. 

I have supposed the little door of the opaqne box to be re- 
moved in the drawing, or to be traospareut, in order to let the 
apparatus be seen. 

(ppp) ia merely the tube into which the body of the en- 
giscope (q) is inserted as before. It may be removed, and a 
simple object glass affixed in an appropriate mounting (atm); 
the instrument then becomes a solar opaque microscope, and 
is managed ' as such. 

■BTHOD OF HANAOmNlu-^ZHIBmON OF TBST 0VB0T8, &c. 

It will be remarked, \h&t the necessary directions for ma< 
naging the instrument are mixed up with the description of its 
various parts : I think, therefore, little more need to be saii^ 
except a few remarks on the exhibition of transparent proof- 
objects, for little can be done in the way of shewing opaque 
ones. 

The management of the iUuminatioA is, perhaps^ more easy 
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in die solar engiBCOpe than in any other ; for the light of the 
aan seemi to have the power of bringing oat all the lines and 
markings In tests when thrown perfectly dired through the 
ms, or, where this does not happen to be exaetly the case^ 
the natural motion of the sun, if left to itself, soon remkici 
the iiiuminatioa oblique, and if ike lines happen to be in a 
proper dUpontion uriih respect io U, brings them out as a 
matter of oonrse* The line in which the light travels may 
always be discorered by putting the object out of focus^ ac> 
cording to tlie directions I Lave given for the management of 
proof-objects in the Amiciau catadioptric cugiscope ; and by 
toming the sUder about, the lines of some of the scales may' 
always be placed at right angles to the direction of the rays 
For this purpose^ howerer, it will be advisable that the sb'der 
bhouM be very shorty and have only one ho!e in it, otherwise 
there will not be room for it to turn round in the tube (t). 
The condensing lens behind the stage being moved a little on 
one side, ako gives oblique light. 

When an object-glass of rather long focus is used, say of 
two inches, which is a very pleasing magnifier for ordinary 
objects^ the slider-holder should be removed, the object or 
slide laid flat against the stage^ and coniined to it by means 
of its arms ; because^ in this ( ase, the object-glass may still 
remain nearly in the focus of the illuminator, which vrill be at 
one foot distant from it: if, on the other hand, the body of 
the engiscope is drawn farther out to adapt itself to the slider^ 
holder, a great loss of light will be the consequence, because 
the rays from the illuminator will have begun to diverge be- 
fore they reach the object-glass. 

I have frequently been surprised at the great condensation 
of the solar rayH to which the transparent proofs may be ex* 
posed, without burning or apparently affecting them in any 
degree. I have in the winter, when the sun was low, con- 
densed the whole of the light furnished by the illuminator of 
five inches aperture and one foot focus, by the other behind 
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the siage of about two iiiches focus ; and vert/ mm lij m the 
focus of the latter I have kept the podura for half ao hour 
together, which seemed to resist its action just as cobwebs 
will do^ being, I suppose (like cobwebs) too fine and delicate 
to arrest a sufficient portion of the ealorifie rays of the sun to 
produce combustion. I do not recollect ever burning a trans- 
parent proof-object, though I have the slider which held it: 
but I hardly ever began to exhibit opaque objects without 
meeting with some accident of the sort they can seldoni be 
weU shewn without being placed in jeopardy ; for it seems to 
be necessary^ in order to p^et a good picture of these bodies, 
that the focus of the illuiidnafur should fall txactly upon them: 
it will not answer to place them either within or without the 
^cns; for the purpose of securing them against the danger of 
combustion; we mo&t^ therefore, ascertain, it prwi, what 
degree of beat the object we are about to exhibit wfll be likely 
to endure, and adapt that of the spectrum to it, by cutting off 
some of the aperture of the main illuminator, by means of 
^ rings of pasteboard placed between it and the mirror. It 
may sometimes also be advisable to have recourse to the 
same expedient with transparent bodies, instead of placing 
them within the focus ; and it is, perhaps, the more scientific 
mode of proceeding of the two, though in the latter case both 
may be had recourse to. It would, however, be still better to 
have a spare ac iiromatic illuminator^ of the same aperture, but 
twice the focal length of the other, with an extra joint adapted 
to lengthen the body, when it was used either on very infiam* 
mable opaque objects, or in very hot weather, or in a hot 
climate, on delicate transparent ones. 

With good object glasses of short focus and large angular 
apertare, of from l-lUtk to 1-1 8tb of an inch focus, and about 
56« of aperture, a picture of all the markings, on the podura 
may be distinctly exhibited* and likewise the longitudinal 
lines and their cross striee on the brassica ; hui I have never 
yat sem a pkiure of the diagonal Hues on the laUer, though I 
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do not altogether despair of doing so. I have carefully stu- 
ilied the pictures formed by deep aciiromatic triplet object- 
glasses BctiDg with Huygberian eyepieces, and when the aiA 
object-ghsses were leaOy good^ have found their unages, 
aeoording to my 0tm tatU m snch matters^ better finished 
and more perfect than those given by common doublets and 
tr!|)lcts of eqiTi\ aleiit power. The latter, however, perform 
irery weU also, and give the more luminous image of the two ; 
and so wiU also single magnifieis. I have tried ag^st each 
tdier a very fine I'^Odi of an inch lens of glass, (eqni<:onTex^) 
a donblet of l-70th, and a triplet of l-dOth, and exeepting the 
difference in the size of the image, could not say that 1 per- 
ceived any sensible superiority in either. The engiscope I 
have mentioned with the object-glass of 1-1 8th inch foeos, 
though its light was inferior charged with the same powers, 
hy Us mere ttehromaiism imtantly effected a great improve' 
menl in the picture for the better; it moreover resolved several 
of the scales of the podura which the doublets and triplets did 
no^ and shewed the cross striae on the brassica in a much 
more decided manner than they did j the said objectiTe, not. 
withstanding^ was far from being a perfect gkss, having a con- 
siderable qnantity of nncorreeted aberration of the convex 
kmd, aud rather too short a iucu^i to be achromatic. 

Bxrutema solar bnoiscoik. 

It is obvions that a reflecting solar engiscope on the 
Amician principle may \ ery easily hv constructed, by applying 
the body and bar of the catadrioptric instrument, described 
already in this work, to the top of the camera (fig. 2} in lieu 
of the conical brass tube, the illnniinating apparatns remaining 
as before, and the aperture in the side of the tobe-contaming 
the metals being posited precisely where the object-glass of 
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tbe refractor U, or, more strictly speaking, where a single 
object-glass would be, if the instrument was in action as an 
ordinary solar ; I have used an iDstrumeut made precisely ia 
tbis way, only the body and bar were not attached in any way 
to the illnmlnating apparatns, but only adjusted so as to coin- 
cide weD with it. It thus makes a very pleasing mstmment; ' 
but will only shew the most easy lined objects, from want of 
power ill the objective part, nhich, it is well known, cannot 
be made of less than 3-lOths of an inch focal lengthy for it 
requires a very great depth and power in an object-glass, or 
metal, as well as a very considerable degree of perfection, to 
render the meetieB of proof -objects visible in a picture formed 
of them ; moreover, the reflecting engiscope is well known io 
be much darker than an achromatic instrument of equivalent 
power and angular aperture ; and there is another unfortunate 
circumstance attached to it (the reflector) when used as a 
solar engiscope, vis. the hole in the side of the tube^ wMdi is 
. always much Sfnaller than the object metal ; for in order that 
the illumination slicmld be a maximum, the specinrm of the 
illuminaling lens must fall upon this hole, and clear it, as it 
does the obje,ct>glass in the refractors, which are of coarse of 
4nttch larger diameter than the said hole, and therefore can 
admit a much greater quantity of light. 

Opaque objects can hardly be depicted at all by tiie re- 
flector ; and as the metals of long fucus are usually made of 
small angles of aperture, merely to create space between the 
sides of their containing tubes, for the purpose of illuminating 
opa(][ue bodies, it would be advisable if a regular reflecting 
enp^i scope was tried to make them with as large angles of 
aperture as possible, because they can, in the said instrument, 
only operate on diaphonous subjects: thus, that of two inches 
focus should have an inch at least of aperture, instead of half 
an inch ; that of an inch focus, half an inch, and so on, in 
•order to gain as much light as possible. After aU that could 
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be done^ however, I am afraid a refractor wooid be sure to, 
beat it hollow* ; therefore I shall take my leaye of the eabject, 
as I oatinot conscientiously recommend such an instrument. 



OXY-HTD&OGEN ENCIIBGOPCS. 

These instruments are constructed by applying the optical 
part of an achromatic engiscope^ with the camera already de- 
scribed,, in lieu of the magnifiera and screen wsed witli the 
ordinary oxy-hydrogen microscope ; but retaining the illumi- 
nating and other apparatus belonging to the latter instrument: 
in short, the construction must be so obvious to the artist, 
that I conceive it perfectly superfluous to say any thing far- 
ther on the subject. Whatever advantas^es are possessed by 
solar engiscopes over solar microscopes^ will^ in like manner, 
be retained by oxy-hydrogen en j^i scopes, or oxy-hydrogen mi- 
croscopes; bui there is a mUkiness, or wani of urenity and 
^earmu, in the light produced by the action of the ozy* 
hydrogen blowpipe on lime, which renders it very inferior, in 
the exhibition of the superior order of tests, to that of the sun. 
How, indeed, can we expect it should be otherwise? I am 
afraid this would still be the case if the light of the lime 
could be rendered as intense and brilliant as that of the great 
luminary at his proper distance from us. 

Much has been said about the superiority of the hydro-oxy 
instruments, in enabling us to dispense w ith the uncertain sun 
of our northern climates, and about solar microscopes re- 
quiring our confinement during the finest part of the day, &c. ; 

• A liiaid of mine, who was perfectly qualified to make such esperi' 
meats, aaemed me that hs had constiacted a solar microicope, widi 
metab on the Amieian prindplet used mthtut » My or ey*.^laiM^ and 
•xhibitiiig aa image ia the oaaal way on the wall of aa apirtmeat, and 
fbond that It eshihited a variety of test ohjeets ia a highly satiaftetoiy 
manner, t have mjaelf aerer tried the amtals in this way. 
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but we must not forget that in warm climates the light of the 
sun is nearly certain for months together ; and so fiercely is 
shed the intolerable day/' that we are kept at home under 
penalty of a knock on the head from this mighty body. 
Under these circnmstances, more especially where every pud- 
dle swarms with life, and the wliole atmosphere with the most 
brilliant and curious insects^ I himibly think a solar micro- 
scope or engiscope, managed by a couple of sUves^ who might 
eas3y be trained to exhibit it, would have as many charms as 
a siesta ; unless, indeed, the heat should prove so oppressive 
as to liicapacitate us for all rational amusement, and compel 
us to sleep, whether we will or not. People cannot have 
their cake, and eat it too; and if they will sleep by day, they 
must lay awake at night ; I theirefore recommend the inha- 
bitants of warm regions, whether black, brown, whitey brown, 
toad-coloured, red, yellow, or white, to betake themselves to 
these instruments, and try their effect in killing time during 
the heat of the day, in conjunction, of course, with cards, 
hookahs, dancing girls, &c. &c., and never to forget their 
obligations to me for suggesliDg to them a new species of 
pleasure. 

C. R. G. 
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ON TftTINO 

MICROSCOPES AND ENGISCOPES 

AGAINST BACH OTUSR 

WITH RULES FOE ASCERTAINING THEIR COMPARATIVE MERITS. 



Trying instruments against each other may be thought a 
migkty simple aflair^ and that very little can be said or writteu 
with propriety on sucli a snbject. As much may be asserted 
of ramung horses against each odier: nevertheless, hone* 
radng has its rules and regulations^ established by the joint 
consent of the sporting world, niany of whose ordinances may 
appear at first sight not a little unjust and absurd. Thus^ 
that two horses matched against each other should not carry 
equal weights on account of a di^rence in their age> and that 
such weight shall be determined by a scale nearly or alto- 
gether arbitrary ; that a horse shall be considered beat because 
his oppunent happened to come in first by some small fraction 
of the length of his head ; or that the most trifling loss of 
weight in the rider, such as that of his whip, shall cause the 
horse to lose, .though he was to distance his adversary by a 
hundred yards at the goal, and the like, certainly must be 
considered very vexatious laws ; and though they are as fair 
for one person as another^ it may be truly said ihey are fair for 
nobody. However, when such consequences atti^id tlie loss 
or winning of a race as the loss of perhaps twenty or thirty 
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thousand pounds^ and the utter rtiin of ooe man to the making 
of the fortune of the other, it is evidently necessary that the 

most minute circumstances should be taken into consideration, 
and that every poijsible contingeacy should be deteriuined in 
some way or other, so as to place the matter beyond contro- 
▼ersy or appeal, or every race-course would present nothing 
but a scene of angry contention, and of quarrels which only 
an appeal to arms would settle. 

Now let us suppose that a couple ol microscopists were to 
pit their microscopes or engiicopes against each other^ to 
shew some particular proof object; and in order to increase 
the interest of the trial, should bet sums of money on the event; 
how, and m what manner, are we to determine which instru- 
ment shews the said object best, and which of the parties is to 
lose his money on the occasion? We cannot for a moment 
suppose that either of the parties will have such excessive 
candour and complacency as to give up the point when it 
should be given up : no, every man is almost sure to make an 
idol of hiB own instrument, be it what it mav. If the case 
resolves itself into a matter of opinion, one man's i.s at least 
as good as anuther's \ and an ounce of a man's own wisdom is 
always worth a tun of his neighbours. Is it not most notorious 
that all Moamf inventors, and projectors, have, time imme- 
morial, regularly pn£kd their own productions, and decried 
every thing else with scarcely a grain of candour? The most 
trilling mote in the w^orks of others they can see, and expose 
and magnify ; but they cannot and will not see the beams in 
their own. 

Under all these circumstances I think we must begin by 
hjFing it down as a role that no man's judgment is worth a 

straw, ri lativc lo his oivn instrument^ even in a case where 
there is no money to be lost or won by it. In the case pro- 
posed above it would be necessary to appoint two indifferent 
persons as judges ; and if they cannot agree, to refer the 
matter to a third, as umpire, whose judgment should be finiiF, 
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and without apj)eal. If it should be asked, of what description 
should such persons be — should they be profound opticians or 
microscopidto?—! should answer, that any individuals whose 
sight is perfect are competent to the task ; the more so, per- 
liaps, if diey never looked into a microscope in their lives, for 
then they are likely to be without prejudices of any kind. I 
was myself, when I first began to reform microscopes, very 
much in the habit of taking the opinion of an actress on them; 
and her decisions were anydung but agreeable to me, though 
I believe they were perfectly correct. Whatever objections 
there may be to the owners or inventors of particular instro- 
meats being allowed to have any voice in determuang their 
specific merits, they are the most proper persons in the world 
to have the management of them, as they will be sure to 
display their powers and properties to the greatest advantage, 
-and make them so put forth their whole mettle as certainly as 
a man will who rides his own horse, and has betted money in 
his lavunr on the lacr-course : therefore it is not necessary for 
the judges to understand a tittle of the method of managing 
microscopes or eiigiscopes, all of which i» to be left to the 
commanders of them : the said judges have notiiing to do but 
to look at the object when duly prepared for their scrutiny. 

Having pitched upon judges, it remains for us to ascertain 
by what laws they shall be goveriied in their decisions ; for it 
is impossible to give a sound judgment in any case without 
reference to certain prbciples ; even a common game at cards * 
tsannot be lost or won but according to certain roles. 

I shall lay down what I consider the laws by which micros 
scopes and engiscopes ought to be judged beaten or victorious j 
they who do not relish them can establish others, which they 
may consider more equitable ; for laws there must be^ of somo 
kind or other, before we can proceed a step in our decisions. 
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SECTION I. 

CODE. 

Ari» 1.— That instrinnent it the best which afaews the dif- 
ferent details of objects most decidedly, and with the greatest 

clearness and perspicuity* ; no matter of what nature or kind, 
or whether it is chromatic or achromatic, planatic or apiaoatic, 
in or out of adjustmeDty or whether its leDsea are well or 111 

* The cnpability of counting accurntply the number of any particular 
traits or objects, developed both in teIcs( opf>s and microscopes, has been 
adduced as decided evidence of the goodne.s^ of these instruments, and 
their power of nhewing things in a decided nnd Jorcibie manner. I kuow 
jiot exactly how the truth may be } of this 1 am certain, that I have seen 
objects as T should say with the very inUtuioa dhtlnctnMt and yet I am 
quite cQiifident I could aot have counted them truly : perhaps £ have act 
aoquired the baUt of doing so, or may have some natoxal incapacity on ths 
subject; for I have frequently found myself unable to count aright ths 
camber of sheep in a meadow, when not ammmting to more than three- 
score. I have heard graziers assert that considerable practice is neces- 
sary in order to be able to count sheep and herds of cattle accurately. 

With respect to lined objects, T have, in the •* Microscopic Cabinet," 
p. 179, <;iven it as my oj)inion, that they are seen to the greatest advantage* 
and in the most perfect style, wlien the spaces between tlie lines are clear, 
and the lines themselves daik and stronfj, as if drawn with a pen and iiUc 
ou white paper. When scales and feathers are exhibited as opaque bodies— 
for example, a scale of the diamond beetle^with a high power, the lenses 
should appear as furrowsy or with disdoet ridges, dark one side and light 
on the other, as a ploughed field seen when the sun is low in the horiion, 
and its beams play across the fiinows. Where several systems of isint 
lines cross each other la on vr^ular wummr, tibe resoU will be aa appear* 
anee similar to the watering of silks and morseas. This may be verified 
hy applying two wire sieves, or two pieces of worsted ganie» to each other, 
and holding them up to the light. The markings on some scales of the 
podura seem to be of this description; others seem mere points, arranged 
so as at first sight to give the appearance of a system of lines, or of two 
crossing each other. The studs on the skin of a boiled pullet, seen as 
opaque bodies, removed to some distance from the eye, are not an iuapC 
illustration of this sort of optical deception ; those of the feathers near the 
pinions, in particular. 

There is certainly a very great difference ia the degree of fiicility with 
which different specimens of the podura may be resolved into lines, as 
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worked, or polished, or centered. Tf a microscope made out 
of the lens in the eye of a stinking whiting would shew tne some" 
thing which I could not ace with any other*, 1 ihonld say it was 
the best, and had beaten every thing else ont of the field. 

Art, 3. — The tame identical obfeet must be applied to each 
microscope and eno;iscope, tried against each other : supposing 
the objects to be the scales of insects, a drawing must be made 
of the configuration of them, that we may be able always to 
pitch npon one particnlar specimen. 

Art. 3. — CuBteris paribus, I should say, thai in^nimeni 
which will shew un object perfectly loith the lowest power ie 
the best : thus if one instrument^ A, shews an object distinctly 
and satisfactorily with a power of 200, while another, B, will 
shew all its minutiaB equally well, though on a smaller scale, 
with 100, I should say that B was the best: in this case i 
suppose that when the power of each is made equal to 100, 
the perfonaaiice of both is not equal, but that B has the 
advantage. But if the power of each was raised to 200, and 
then A had the advantage^ I should still say that B was the 
best* I have often insbted on this point in my writings, and 
assigned what I consider sufficient reasons for my assertions. 

w«U as in the strength and plainnMS of their aatduiqpk A curioas phn- 
nomenon Mmetimes presentt itself in some choice pet ■cales, having 
straight lines from end to end, and two sjrstenis of obliqae lines also, both 
apparently grooved in s decided manner, as is the case with many I have 
seen; viz. one of these systems may be seen by looking directly, and the 
other, without any aUeration in the illunumtumf by looking obliquely into the 
inetrumeat» The lame drcumstance oeenn with some other teste. 

^ There ie a very ordiasiy object, which I can never see with say 
instniment, which certainly we shonld expect to be vinhle by mere mag- 
nifyii^ power, with the common microscope s— I allude to the edge of a 
very sharp razor, presented to the axis in a Une bisecting the thickness 

of tbe back, so tliat the thickness of the said edge, or its apex, shonld 
be truly shewn and measured, as it may be in a dull case-knife. I suspect 
the ed^e of a very sharp razor is the nearest approach to a mathematical 
line vviih w lui 1j we are acquainted ; it rppttis to resist magnifying power 
allugelLer, ur ai iea^t such as we can apply to it. 
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Art. 4. — If two instruments, C and D, shew the lines and 
markiugs on an object equally well ; but C shews the edge of 
the scale or feather with the Bame adjaatmeiit of the Ibcns 
ivhick serves best to bring oat the lines, so that the outline and 
the lines are simultaneously visible^ and D does not ; then G 
is the best. 

Art, 5. — If one instrument shews the lines on any particular 
(est as if composed of an aggregation of dots or globules ; or 
exhibits them broken, intenrnpted, and ragged, while another 
ihewB them clearly made out, as veritable lines or stripes 
drawn with a pen and ink ; the latter is the best. In the first 
paper 1 wrote on test objects, I have given as many as five 
degrees of illusive or lalse vision produced in the appearance 
of the feather of the Morpho Menelaus, by viewing them with 
an object^lass deficient in defining and penetratmg power. — 
Vide Quarterly Journal, Vol. xxiL p. 

Art. 6. — If two instruments shew certain Hoed objects as 
transparent bodies equally well in all respects, but one will shew 
them more or less evidently as opaque objects also, while the 
other will not, then it has dearly the advantage over the other. 

N.B. — ^One of the best methods of exhibiting scales as 
opaque bodies is to take away the disc of talc next the eye, 
replac iiig ilie niig ; and then to attach a black wafer, or a bit 
of black paper, to the reverse of the remaining piece of talc, to 
which some of the scales will generally adhere. In this case 
I have supposed the scales under consideiation to have been 
monnted in the ordinary way, in slides or circlets, as trans- 
parent bodies ; and that we wish to be sure of seeing some 
of the same scales we have seen as transparent bodies, as 
opaque ones also. If the upper piece of talc is allowed to 
remain, it will prove a considerable detriment to vision \ but 
still it will be as unfavourable to one instrument as to another. 

* See also " Xliuatratioos of the Effects of Aperture,'' Sec. &c. in this 
work. 
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Art. 7.— *If two infltramente should prove oqnal in all other 
respects, bat one is achromatic and the other not^ that which 
is achromatic has of course the advantage, as it will shew the 
objects perfectly free from false colouring. 

Art, 8. — If two instruments seem to shew tnmsparent bodies 
equally well, but one of them, when tried npon opaque ones, 
has a slight fog of die diffosed kind over its whole field, or n 
pennmbra or nebulosity encircling naoierons points, to a 
certain distance from them, while the otlier is free from this 
illusion, that which shews the opaque objects best is the 
winner, for opaque objects are still more severe tests than trans- 
parent ones. 

Art, 9. — Whenever one instrument happens to shew some 
narking or feature in an object not visible in another, and the 

owner of the latter attempts to get rid ol iliis, by asserting that 
it is an illusion produced by some defect of his antagonist's 
instrument, let him be made to prove bis assertion to the satis- 
faction of the judges, or the umpire ; and if he cannot do so, 
let him be turned adrift as a scamp and blacklegs. Let us 
suppose, for example, that the trial was the wheel animalcule 
(vorticella rotatoria) ; and that in the instrument said to 
exhibit an illusion two points were visible near the head of 
the animal, when in its grub form, with the wheels withdrawn, 
(supposed by some naturalists to be the eyes of the animalcnle) 
I should say that the UUistan here was in the instrument, which 
did not ffhruy them; for a false evidence may be given by 
suppressing facts, as well as by coining false ones. 

There are several minor points which might be insisted upon ; 
sach as that instruments which have a strong natural light, 
combined with a large field of view, free from distortion, and 
equally good all over, have the advantage over such as cannot 
pretend to these properties ; bnt as such instruments no not 
seem to possess any absolute power ol shewing anything 
more cr better than others^ I shall lay small stress on these 
properties. 
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When we miah to ascertain which instrument is most perfect 
is point of figurt^ ackrcmaHsm, or ud^usfyneiU, &c, I bare 
laid down abundant rales for this parpose in Chap. XEC of 

the "Microscopic Cabinet/' and shall merely therefore remark, 
that if we wish to ascertain which instnuiieiit is constructed 
on the bui principle, and what kind of microscopes or 
cngpscopes ate made on the most effiBcttve plan, in this ease 
the instcmnents to be tried against each other should ha^e their 
object-glasses or metals of exactly the same angular aperture 
and focus ; their bodies also should be of the same lengthy and 
their eye-glasses of the same nature, description, and magoi* 
fjiog power. When doublets, or triplets, or single magnifiers, 
are tried against each other, their power and angular aperture 
must also be scrapniously equalized; or if they are tried 
against engiscopes, their power and aperture must also be 
made equal to theirs. 

In my paper in the " Microscopic Cabinet," page 202, line 
32, nearly a whole paragraph is wanting ; whieb unfortunately 
changes the sense of the context^ and makes it read very ill. 
This being part and parcel of my present subject, I shall here 
introduce, as well as I can, from meuiuiy, uut having the 
mamismpt by me. 

^ it must however be lecollected that single and compound 
magnifiers^ the diameters of which exceed that of the iris of the 
eye, for the time being, cannot have their aberrations, either 
chromatic or spherical^ estimated in the manner detailed above ; 
because the said iris, or moveable curtain, of the eye, cuts off 
their aperture to its own standard, so tliat only a certain central 
portion of them, equal to it in diameter, can be tried. When 
their foci are too short to be tried on opaque objects, their 
defects and aberrations may be looked into by viewing the 
penumbra of transparent objects put out of focus ; or rather 
the penumbra of some body which is not transparent by inter- 
cepted light proceeding from behind it." Then should follow 
the concluding sentence of the paragraph. 



Digitized by Google 



ON TRTDia mCROfCOrat AND BN6I8C0FIB. 107 



Since writing the paper I have allnded toj in the ^ Cabinet** 
I have diecovered an object whicb will be found yerf uefnl 
as a teat of abcrratioD^ when the faem of an object-glass, or 

of a single or compound ma^ifier, is too short to uUow us to 
tee a globule of quicksilver -with it as an opaque body. 

Stick two pieces of talc together with a little Canada balmi, 
in such a manner as to include some small globules of air 
between the plates ; this will be very easfly eflfected t when 
these are viewed by intercepted light, they appear as verif small 
discs perfectly blacky having a lumbious point m the centre, 
which has almost the appearance ot an artilicial star^ only 
not so bright: by patting this within and without the focus 
(always taking care that the illumination, which should be day- 
light, is reflected by a plane mirror, is thrown directly trough 
it, otherwise the luminous spot will not be centrical), the state 
of an object-glass or magnilier, as to chromatic and spherical 
aberration, adjustment, and centricity, &«. can be as well 
looked into as by a globule of quicksilver, and the pretensions 
of difierent constructions scrutinized and brought to the grind- 
stone. 

Auotlier object of a similar nature can be produced by 
mixing together some oil and water in an aquatic box, and 
agitating the two fluids until the water is dispersed into very 
minute globules, surrounded by the oil ; in this state they 
closely resemble the air bubbles, sunounded by the baliam. 



SECTION IL 

It will probably be expected by the public that I shall now 
take upon me the disagreeable and invidious task ot iavounng 
the world with my own particular notions of the comparative 
merits of the different sorts of microscopes and engtscopes ; an 
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office Tvhich i am afraid I shall execute to the satifffactioa of 
no one homan beings while I shall be certain of putting the 
noses of a great many completely •out of joint: I would as 
soon nndertake to give a compaiative estimate of the beauties 

and perfections of a dozen Affismit women, to the satisfaction 
of the ladies themselves aiidllieir lovers. I really think I have 
gone far enough in laying down a code of laws on the subject, 
which others may put in execntion^ (at least if they like.) 
Jf, however^ I may be permitted to proceed to judgment^ ac- 
cording to my own code^ 1 will endeavoor to do so : I will not 
hazard any mer« opinions, if I can help it, but merely »t ate facts, 
and draw {if possihie) legitimate injerences Jroin thtm ; and 
if they should happen to be at variance with statements here* 
tofore published by mt, 1 request my reader to consider those 
now to be given by me as my TnosI nutture eonehisionf, rmrited 
and corrected, with the whole attention of which my mind is 
capable, accordnig to the most recent improvements in the 
different instruments. Though, as I have already asserted, 
there is no microscopist living who may be expected to give 
a perfect and absolutely unbiassed criticism on the matter in 
question^ yet I may be as well qualified for the task as most 
others; for I have been principally i oiicemed from the very 
beginning in carrying into eiiect the various reforms in the 
structure of instruments which have made them what they 
now are, and may therefore regard them aD with equal favour. 
If I have never interested myself much about compound mag- 
nifiers^ it was because I conceived that a very great man had 
taken op the subject before me, and exhausted it, leaving op- 
ticiaos nothing to do in the branch, but to carry his theories 
and combinations into effect to this best of their ability. 

As the subject is one on which much stress is laid by many, 
I shall here take into consideration the comparative iHumfna- 
tive power, or intrinsic brightness, or light, of various inslrn- 
ments ; thougli 1 think it will be found in the sequel not to 
merit much attention, as far as microscopes are concerned. 
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If we take a piece of any ifelUpoliihed plaae glais^ placing 
a piece of black velvet, or some other dark rabstance^ behind 
it> to prevent (he image from being eonfueed with the rays 

which it refracts from surrounding objects — or, what is still 
better^ a piece of black glass, having the same reflecting power 
as the white> and view the picture which it forms of a land- 
■ scape^ or any thing else reflected, as neariy as possible at 
right angles by it — we shall be surprised at the quantity of 
light arrested by a siugle surface only, for in the image may be 
distinctly recognized every object seen in the landscape by the 
^ye» together with its colour ; only every thing is a vast deal 
darker than in nature, the difference being apparently about 
as great as the light of a twilight evening is to that of meridian 
day. Now, when we reflect that eyery polished glass surface 
reflects an equal (jiiaiiiity of liti'ht, we may wonder how we 
see objects at all in an instrument composed of many glasses, 
and may be very much inclined to think that the fewer glasses 
we see through, the more perfect must be our vision ; that, in 
short, single lenses must inevitably be the best instruments 
after all ; and such was tlie opinion of Leeuwenhoek and all the 
early microscopists. Lenses formed of gem, especially dia- 
mond, must be much darker than glass ones, from the greater 
reflective power of such substances, which defect, however, 
ought (if there be any truth in analysis) to be much more than 
compensated for by their high refractive and low dispersive 
power. Je\\ elled simple microscopes, then, (d priori at least), 
should seem, upon the whole, to stand upon the top of the 
scale ; but as we here only consider Uktminatitfe power, they 
certainly occupy only the second rank, or, if coloured, as is 
the case with many of them (sapphire and garnets, for example), 
a still lower one. Doublets must of course arrest twite as 
much, and triplets three times as much light as single lenses 
foroied of the same glass ; and an engiacope, consisting of four, 
five, or six glasses, &c. four, five, or six times as much, under 
any given illumination. 
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Thm tfun tim of the companttiye ligfct of rtiiciiig and fcfract- 
iblf instnimeiito bw been ctUa agitatedy and generaDy deter-^ 
mined in m vtrj miftdr way by the champions on both sides. 

The amateurs and makers of refractors, led away by their 
hatred and contempt of the reflecting tribe^ have gone the 
length of aaaertiiig that an achfomatic engiscope^ having a 
ieztnpte, or two triple olgec!t-gla8flea> has fully foor times as 
much light as a reflector of the Amician constmction, having 
the srmic power and angular aperture , aud thatanotlRr having 
an octuple object-glass^ composed of four double acliromatics 
not cemented together, has stiU more lights cmtmriM jtaribui, 
than the aexhiple one* ; a quantity of light being» I suppose, 
gained^ not hit, by the refractions of the two extra glasses. 
I merely quote these opinions to shew to what lengths a 
bigotted zeal lor any particular kind of instrument may carry 
even very clever opticians. The opposite faction, exasperated 
at the quantity of dirt and calumny thrown in their teeth, will 
naturally take up the cudgels for their darling principle, and 
retort in the same style upon the imperfections and blindness 
of the refractors, until the affair becomes a couteotion for 
victory instead of truth. 

Let us see if there is no way of determining this question in 
a natural and i^losophioi manner. 

The late Mr. Charles Tulley, of Islington^ (whose like we 
shall uot see again in a hurry, and than whom I never met 
with a more candid, gentlemanly, and scienlijfic optician, ever 
ready to do justice to every thing and every body), assured me 
that he had been at great pains, and made many experiments, 
to determine die comparative light of reflectors and refractors* 
the results of which T shall state. His favourite method of ex* 
perimenting (and 1 do not see how a better or fairer can be 
employed), was to charge a reflector aud a refractor with the 
same power, and to direct both to a printed bill, placed at an 

^ A aisco?cry of the late Mr. W. Tolley* 
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eqaal diilifice firQm etuoh, on » cleKv e^tmof^^ «mI as the light 
gnidaallj diminuhed^ to see how lon^ he could lead H in 

each: in an instrument \s!]ose light or penetratin*^ power was 
superior to the other, he could distinguish the letters long 
aiWr the other had become too dark to permit him to do so : 
Imt where die light of both was equal, or made so by n* 
facing the aperture of the brighter one^ the power of mding 
in both faded away at the same tine as the twiUglbt gradually 
.deef)pned. 

Ailer maoy trials made by himself in company with other 
persons, he arrived at the condflsioii, that a refractor haviog 
a double object«glass of fife nehes aperture had as much 
light as a tefleetor of Ae Newtonian construction of eight 

inches aperture, cateris paribus ; and the light being in the 
ratio of the sqitare of the apertures was therelore as 25 to 64. 
Thus, where the apertures of a reflector and refractor are equal, 
the light of the former is represented by 35, that of the latter 
by 64: or it may be expressed thus,»^e light of the reflector 
is to that of the refractor as 1 to 2 J^. Now, it can scarcely 
be necessary for me to observe^ that the Amician catadioptric 
engiscope is a Newtonian telescope, made on a very small 
scale, reversed, and that its light must therefore be the same, 
with this differenee, that the diagonal metal being much laiger 
than in the Newtonian, arrests much more light. Its propor- 
tionaJ diameter varies in the Amician in different sets of metals, 
and with it the size of tiie blot iu the middle of the visual 
pencil. In the pair of 56** of aperture, and in that of 1 3% it is 
one-third of the diameter of the elliptic one but in that of 36S 
one-half. Mr. Cuthbert has sometimes made metals of 41* of 
aperture^ with a focus btijund iLt lubt ; in such the size of the 
small metal is necessarily increased, so much as to leave uuly 
the mere margin of the concave in operation : on this account 
they are very dark indeed, as much so as their worst enemies 
can wish ; but metals of this aperture ought always to be made 
on the same plan as those of 55% in which the slider is passed 
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through die tube, because in thin constroction the size of the 
dbigonal can be kept aomewhat under a third of that of the 
elliptic one. 

1 iiave thought it right to allude to these circumstances, be- 
cause many would think it perfectly correct to pitch upou .such 
a pair of metals as I have described, as a fair specimen of the 
whole. Ab trno duce omnes," 

In the Newtonian telescope the diameter of the diagonal is 
generally one^eventh of the other : thus^ in one of seven inches 
aperture the plane is one inch ; it therefore only arrciils l-49(h 
part of the whole light, and this is of course considered in Mr. 
C. TuUey's estimate aforesaid ; and if we want to know how 
much darker the Amician engiscope is than the Nevrtonian 
telescope, we have only to calculate how much mere light it 
arresied hy the diagotud in the one ease than in the other. Now 
where the plane is l-3d of the diameter of the concave, it 
arrests l-9th of the whole ; but in the extreme case, where 
it Is one half, it stops one quarter : therefore, where the hgbt 
of a Newtonian is rated at 25, the light of the Amician will in 
the first case be represented by 221, and in the latter by 18|. 
But in order to obtain the li^ht of the Amician, we must de- 
duct the I -49th from the l-9lh and l-4tli of the hght stopped 
by the diagonals of the engiscope, and the account will stand 
thus:^ — 

1 _ 2 z= i?L 

9 49 441 

^ - 1. =: IL 
4 49 196 

Tbere&ffe of ^ = 2ilf dedndnd from 35, leaving 
441 1 '6 

33!i), represents the light of an Amician in an crdinary ease, 
compared with a refractor of the same aperture having its 

45 25 

light estimated at 64 : and of _ zz 5m«j deducted 

"s ' 196 1 



Digitized by Google 



ON TBTINO MlCROflCOm AMD BNOI8COFB8. 



113 



from 26^ leaTiiig a reridae of 19 ^ , vepveientg its light in an 

extreme case. Now if we compare the aforesaid numbers 
against 64, the representative of the light of the reiractorf the 
leaults are, that the iigbt of the leflector in an ordinaiy case, 
compared with that of a refractor, is as 1 to 2 ^ ; in an ex- 
treme one, as 1 to 3 ^ : and be it remembered, this is when 
it is compaied with a refractor consisting only of one doublb 
OBJECT CLASS ; but there is a confounded deal of difference be* 
tween die tight stopped by four surfaces and that arrested by 
twelve orsixtecD;, as will soon be discovered by any one who 
experiments fairly ; and even when an object-glass consists of 
two or three double ones, with their inner surlaces cemented 
together, there is still a loss of light to a very considerable 
extent beyond that occasioned by one uncemented doable one*. 

They who think I have not darkened the reflector suffi- 
ciently can experiment tor tiieiiiselves, by trying refractors 
and reflectors against each other in a clear evening, taking care 
to place the instruments in the same aspect, so that the light 
whereby they are illnmuiated shall come from the same part 
of the sky which is always darkest at the eenith, and lightest 
in the west, low down in the horizon, where a rich saffron tint 

* According to the calcolatioQi and ezperiments of Sir W. Herscbel, in 
his paper " Or* the Power of penetrating into Space by Telescopes, — 
{Phil, Tram, for 1800, p. 65,) out of 100,000 incident rays, 94,825 only 
will be transmitied through a lens of glass of the ordinary thickness j 
hence if two lenses are combined, only 89,918, which, subtracted from 
100,000, leaves 11,082, the quantity which will be arrested by every 
double object-glass, being somewhat more than one-ninth part of the 
whole of the incidental tight : iherefme we most deduct l>9th for the light 
lost by every additional double glass employed, which is atiuantity equal 
to the whole stopped by the saiftll metal ofthe Amieian, under order ordi' 
aaiy cixeingptaaces. Sfar W« calcdates, that where a double rdleetioii 
takes place et t^Af ai^i^ as in the Gregorian telescope, out of 100,000 
lays, only 45,S4f will be reverberated, a loss of more than the half. 
This statement agrees tolerably well with that of Mr. C. Tulley, but makes 
the reflectors rather more iumiaoos than he does. 



114 



THE MICROOIUPHU. 



frequently renuuDS for a long time af^er sunset. No iHumi- 
noHng iemes m- mirrora nmt he uted; the object^UmBes or 
metals must be directed to the same point of the heaveiMi, and 

the natural light of the atmosphere uncondensed and unaltered 
by either refraction or reflection, the sole illumiiiaUoii used. 
If these conditions are not fulfilled^ the .experiments made will 
be good for nothing, as must be evident. 

For my own part I ooosider the question of the comparative 
light of reflecting and refracting microscopes and engiscopes 
not worth agitating; and I think the following experiment 
quite conclusive on the subject : — Take an Amician^ equipped 
with one of its darkest sets of metals and its deepest eye- 
glass ; mount it for viewing some transparent test, or at least 
something or another requiring great distinctness for its mani- 
festation ; illuminate it by reflecting the light of the sky from 
its plane mirror (an operation which of course reduces the 
light), and you will find th4d dark as Uie instrument is, it is 
more Itmunoue than eentieie wUh perfect dutmUaen, and that 
yon may greatly improve tiie vision by using diaphragms unde^ 
the stage, reducing the light of the field several ehades Imoer. 
Again, opaque objects we can brighten at pleasure, by com- 
pound ilhiminators, and lamps fed by oxvgen gas, &c. &c. 

In telescopes the case is totally different, any deialcation of 
their light being sure to be attended with a serious defect in 
their performance upon aU objects requifing penetratmg power, 
because we have no means whatever of increasing their intrinsic ' 
brightness. 

It will be found that a certain ajigle of aperture in metal is 
^tdte equal to the same aperture in glase, as to its penetrating 
power in developing the tissue of all sorts of lined or proof 
objects, when aided by a proper illumination ; and I Meed not 
say, that with respect to telescopes^ such a position is entirely 
false : therefore there is a wide difference between the relation 
of the retracting and reflecting principles to each other, when 
applied to these diffeient instruments; and tke performanee of 
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rfflectins^ engiscopes is proportimalli/ far superior to that of 
reflecting telescopes,* though it is most fully admitted that 
their natural light or iotrinuo brightness is greatly inferior to 
them. The worst point about reflecting engiscopes, in my 
opinimi^ is^ not their darkness^ but the hrmotmen of their light : 
this is very perceptible in reflecting telescopes also, when used 
with high powers, and is in both iostniments remedied to a 

certain extent^ by using eye-glasses of crown glass instead of 
plate. 

In the Amician, used with day-light, it causes objects, or 
rather their images, to appear just as if they were depicted on 
brown academy paper ; and the effect is very disagreeable^ 
compared with vision by refraction* which always shows 
them as if executed on wkitB paper » A connoisseur may dis- 
cover merit in a drawing on brown or violet-coloured paper, 
but the vulgar will hardly look at it^ the prevailing tint dis- 
gusts them at once. 

It is^ however, a most fortunate circumstance, that this 
brownness in the light of feflectmg instruments wholly disap- 
pears, or at least becomes insensible, when they are used with 
artificial light ; in consequence, they are thus seen to the 
greatest advautage, and as we uow have laiiip-iij^hL hri^^hlcaed 
to perfect whiteness by oxygen gas, for microscopic purposes, 
and nearly equal to day-light for such objects as agree best 
with it» the reproach of a brown image will be in a manner 
done away witii altogether iirom reflecting engiscopes. 

* Whoever will be at the pain* to hiok hito the state of the figure of 
die metals of relecting teleflcopes, and compare it with that of the elliptic 

TRPtals of engiscopes. will find the latter (if th^y have beea well executed) 
far more perfect than the forrner ; for their fi^ irf' bt ng ver^ nearly allied 
to that of a sphere, and ntureover having a great depth of curvature, can 
always be kept from <jew<»nerat!Ticr into that state of flatness at the edges 
which produces over-correctiou Ly giving the outside rays tOO long — a de- 
fect which fteeois ahnoat inseparaUe from reflecting teleacopM* 
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As Bialogue is that mode of writing in which a variety of 
contending opinions may be most naturaUy brought forward 
and answered, I have selected it as the best way of discussing 

the comparative meritii of instruments : if the reader must 
know the names of the parties^ I beg to inform him^ they v^ere^ 
Tobias Oldbuck, Esq. the naturalist, and Mr. William Pnttj^ 
the optician. Lest 1 should be accused of putting nonsense 
into the former gentleman's mouthy I must state that he only 
expresses opinions current amons;' the observers of this en- 
lightened age, and which I have frequently encountered in 
society. 

I must positively introduce my personages to the reader. 
Mr. O. is an old bachelor of about 60 (a descendant of the 

Oldbucks, of Motikbariis). He always wears a very natty 
wig, made by an eiuiuent artist ; his clothes are of the true 
scientific brown>study colour; he has not altered the cut of 
them, or the model of his hat, or any of his opinions on any- 
subject, for the last ten years, and declares he never will, 
thinking it beneath his dignity either to learn or unlearn any 
thing at his time of life. Having described his costume — that 
outward and visible sign of a man's character, and which, in-* 
deed, conjointly with the periwig (which I have sufficiently de- 
scribed), constitute the man — do not think it necessary to 
say any thing more about him, except that at one period of his 
life he was far gone, and most intently engaged in constructiDg 
achcromatic object-glasses for microscopes, which^ however^ 
he abandoned as an impracticable bad job : when anodier 
person afterwards succeeded in prodndng them, Mr* O/s 
pride was wounded in the tenderest place, for he considered 
himself a perfect ^ihiit in all sorts ot microscopic science ; in 
consequence, the sight of an engiscope ever after turned his 
stomach. 

Mr. WiQiam Putty is an enthusiastic young optician, whose 
talents are of the first order ; he has originated many capital 
improvements in microscopes, of which instruments he is very 
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fond ; thinks we live in the golden age oi these matters, and 
that we have left our ancestors far behind in all thiags 
pertaining to them. His character the reader will find is a com- 
plete contrast to that of Mr. Oldbuck. 

' Now it came to pass that one wet day Mr. O. was walking 

up and down in his study, occasionally surveying his wig in 
a mirror, and somewhat ruffled in his temper by the imperti- 
nence of the junior members of a learned body to \vhich he 
belonged^ who worried him^ till (mnch against his will) he was 
forced to look into a very fine achromatic engiscope, which 
showed objectsioo weU to please him. To Tent his spleen he was 
indulging himself in the following soliloquy : " What occasion 
have I, or any man^ for any other microscopes than single ones ? 
vision by these is so perfect and satisfactory to me, that 1 want 
nothing better. Was there ever any iking so htdicrcmly pre" 
po^erowt, as forming the image of an object, and viewing ii 
by a species of microscope, called mi eye-glass, instead of look- 
ing at the object itself itith an eye-glass 1 Are we not content 
with seeing nature itself? would any rational being rather 
behold a picture of a beautiful woman or landscape^ than see 
the reality ? What a monstrous perversion of all taste^ to 
prefer art to nature ! it seems to me little short of insanity 
itself. Away, then, w ith this nonsensical trumpery^ and let me 
alone with my good^ old-tried, staunch, simple microscopes."^ 
Here Mr. Putty was introduced^ who had brought home 
some trifling job ; he met with rather a frosty reception, but 
instantly took np the word thus : 

**l>ul, iny ^ood sir, admitting the justness of your observa- 
tions^ these Simple microscopes of yours are very imperfect 
things, generally equi-conyex lenses of plate glass ^ by making 
them of other substances of higher refiactive and lower dis- 
persive power, they may be greatly improved.** 

**1 shall not deny the truth of what you say, Mr. V.y theo- 
retically speaking at least, but 1 have looked through len;>es 
-made of diamond and other precious stones, but cannot satisfy 
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myself that I sec any better with them than vviih those made 
of glass. Here, examme Urn opaque object with a single equi- 
coBvex lens of glass^ baling an angalar aperture of 55% aet m 
a small silver cap ; its sidereal focas is only one-tiiirtieth of an 
inch ; or take tbis, it is one sixtieth of an incb^ set in tbe 
same way, and lias an aperture of one-sixtieth ol an inch or 
55° also ? did you ever see any tiling more distinct : the object 
is the scales of tbe diamond beetle, and would^ from its bril- 
liancy^ be sore to sbow tbe abenation of tbe lens, if it bad 
any, but you see die scales perfectly dear and distinct; witt 
you pretend that such vision can be improved 

" The vision is more clear and satisfactory tlian I could d 
priori bave thought possible ^ but I do not see the lines on 
tbe scsles well made out; on many of tbe scales^ begging 
your pardon, I cannot see them at all.'* 

^ That is not the fanlt of tbe lens, bat of tbe method of 
illumination, which is not of the kind required to bring out 
lines.** 

But illumination has so wonderful a power in modifying 
tbe vision of many objects, especially those of tbe test kind, that 
it will sometimes make tbe better instrument appear tbe worse, 

and the worse liu; better; nuw, I could show you the said 
lines much better in an eogiscope, because I can illuminate 
objects in such an instrument (especially opaque ones) any 
how I like ; though I grant that I do not show you the lines 
themselves, but qnly a picture of them ; ao exact, however, 
that"— 

" It will not impose upon me ; I do not choose to tmst to 
'pictures, especially when I am exploriog unknown objects; 
your engiscope (as you call it) may do vastly well to exhibit 
kwrtm ones to a parcel of women and children/' 

*' Then you admit it to have the power of showing ibioioii 
objects; how and in what way can you dhctrUun tlial even 
your dear single magniher can be trusted upon, unknown 
objects, save by tbe experience you have bad of their per- 
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upon fhose you are aoqmdnted with? Totirdog^- 

niatiziiig is an insult to reason and science, and unworthy of a 
reply." 

** Well, I wiU admit (just to put yon in homour again) that 
an engiacope mny ahow anch thinga aa the linea in qneation 
rather better than my single lenaea, bnt 1 ahoidd be glad to 

know if you can show me any transparent object better than 
they do^ with aiiy other sort of instrument; (now 1 iiave you 
on the hip.)" 

perceive yon are too mneh piejndioed againat engia- 
copea, from h friori conaiderationa to do them jiutiee ; they 

to be inferior to single magnifiers you think, and there- 
fore you w ill have it they 7nust be so, and are ; but have vou 
ever used compound magnifiers? they show you the real 
object aa well aa the abgle ooea ; and when acientilicaUy 
made, are thought^ by exceUent jndgea, to perform mneh 
better, inasmoch aa their aberration is far lower than that of 
cqui-convex or even plano-convex lenses ; in short, they would 
seem to alibrd us the ne plus ultra of perfect vision in con- 
templating minnte objects under large angles." 

1 have not need them mneh; they are things of great an- 
tiquity, and have been both in and ovt of fiishion with natu- 
ralists many a i^ood time and often_, before now : when their 
power is high they are very inconvenient in the ordinary course 
of microflGopic researches^ from the closeness of them, when in 
feeua, to the olject ; indeed, this cirenmstanoe precludes their 
use on opaque bodies altogether, and I candidly tall you, that 
when an histmment will not ahow opaque objects weU, i am 
spt to reject its use altogether.** 

*' In this you are very unjust. It is a law in optics and 
meat other things, that when we gain an advantage one way, 
we must in general be content to lose it in another ; it only 
remains for us to choose of what kind the advantage shall be ; 
we must have one kind of instrument for one set of objects, 
and another for another, if we wish to avail ourselves to the 
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utmofit of every good within onr reack To reply potnt-Uanc 
to your former question, will yon be content fo iidinit the su- 
periunty of doublets aad triplets, if 1 show you something 
with them in a decisive manner^ which yoa will hardly be able 
to aee at all with one ati^le lens oat of twenty^ and then only 
in a moot anperfect manner 

** I don't know : 1 am so confident of the excellence of my 
own lenses^ tliat if you were to shew me any thing with ano- 
ther inetromenty which I cannot aee with them^ I should be 
disposed to set it down a$ an iUmm of some tort or other i 
and if yon were to shew me any thing in a dxfftrmt manner 
from what they do, I should be very much inclined to think 
that tlu y wore in the right, notwithstanding.*' 

1 thank you for your candour ; this is precisely the way 
that every nan thxakB with respect to his favourite instrument^ 
be it what it may, though he may not dare io speak out an 
you have done; it is 'poor human natnre all over.' But, sir, 
this method of reasoning — I cannot see such a thing in my 
microscope^ ergo it is an illusion ; or^ another man's microsk 
cope shews an object different from mine> ergo it shews it 
wrong, cannot be tolerated;— it may become a fine lady to 
talk in this manner^ but in a pretender to science it is insu^ 
ferable." 

Well,, what is the wonder you are going to shew me? I 
suppose it will turn out to be the oblique lines on the brassica, 
you aie always making such a fuss about^— an isolated in- 
stance^ supposing the said lines actually to exist. I certainly 
have seen a few of the lines you allude to, with a doublet of 
about l-20th of an inch iVn us ; hut, in g^eneral, doublets and 
triplets shew no more of them tiian smgle lenses do." 

i see plainly I shall have to light the ground inch by inch 
with you ; but 1 shall not despair of gaining the victory at 
last, ' if I have a fair field, and no favour at least in the opi« 
nion of impartial and unprejudiced bystanders, if any such 
there are. You say you have seen the lines in question^ or 
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&e gAotl of them tJt leasts with a doublet : now, have you 
«een as much with any of yonr adorable single magnifien T* 
*' I have seen them occasionaUy, when they have been of 

very superior quality, and exquisitely set witk a large aper- 
ture; but, 1 Ireely own^ not with sufficient distinctness to 
convince me of their existence. The appearance iomewkat 
tesembles the tissue of a coarse piece of canvas, with the 
fibres ronning diagonaDy, when it is placed too far off from 
the eye to allow us to recognize the threads distinctly. The 
doublet makes this di£fereDce, that a thread here aad tbere 
seems stronger and coarser than the rest, and therefore more 
distinct; but, as I have already observed, I am strongly dis- 
posed to ihuik the whole an illusion, produced by oblique 
light." 

Have you ever seen the French brassica? The trace.s on 
it are still more difiicult to exhibit, or fainter at least, than 
those on the English variety, particularly on that kind which 
IS of the form of a heart, or like the head and tail of the other 
kind, abruptly joined together without the intervening por- 
tion; these Til ly he i>aitl to make two other objects of the same 
kind. And now please to prove to me that all these are illu- 
sions : the onus prohandi resU with you, and what arguments 
you are to use for that purpose I cannot imagine, unless they 
are mch a» will equaUy serve to disprove the exittence of any 
other delicate traces on tests in general: beware of proving 
too much i many a logician has overreached himself in this 
way," 

I was trying against each other the other day three mag- 
nifiers, a triplet of l-40th of an inch, a doublet of l-70th of 
an inch, and a single lens of l-€Oth ; with none of these conld 
I see the diagonal lines in question : all other lines and ob- 
jects they shewed admirably well, and their performance 
seemed to me precisely alike, except, of course, as to power : 
all were made with the utmost care by a workman of the high* 
est eminence, and were indisputably of the very first quality ; 
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the apertons of dl were ftStf 65*; tiie triplet I tliiiik nune, 
60* aboat. Nofr» trir, I candidly tell you, that I eanitot be^ 

lieve that these three capital raagiiifu rs would all agree in 
passing over unheeded the lines we are arguing about, if they 
really did exiat^ and allow a doablet^ and a single leni of 
l-20th inch focna, to have the merit of ihewbg them. It ii 
this circamstanoe which staggers me — the conflicting tecti* 
mony of various instruments and lenses ; I am puzzled, as I 
should be were two highly respectable witnesses to aver they 
had seen such and snch an event or thing, and two more, at 
least eqnallj worthy of endeoce, to assert that the acton in 
the afiair were, to their knowledge, twenty miles distant from 
the place where it was said to have occnrred at the time.** 

•'You will frequently find a similar discrepancy in the 
performance of very excellent telescopes upon certain objects ; 
the pole-star, for example. I have seen many excellent instrn- 
ments of this class with large apertnree, which shewed double 
stars, nebula, and dnsters, in perfection — ncTertheless, as blind 
as young puppies on llJi^i particular object — which a o^ood 
achromatic of only two inciies aperture will often shew ; yet 
no astronomer has ever had the hardihood to deny the existence 
of the small star near polaris, or teim it an allusion: a fine 
picUe> truly, would astronomy be in, if every observer had 
the privilege of denying the existence of every heayenly body 
he could not see in his favourite telescope !'* 

Well, sir, suppose I concede to you this point in favour 
of compound magnifiers, what else have you to urge on their 
behalf?" . 

'* I conceive it to be a just inference that they do actually 
exhibit all sorts of lined and ordinary objects better than single 
ones, though, from the coarseness of many of them, and the 
want of a requisite delicacy of apprehension in our eyes, we 
are not able duly to appreciate their performance on all occa- 
sions alike. It certainly happens to be the case, that the 
diagonal lines we are talking about are a sort of solitary in- 
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stance of the superior penetration of doublets ; but if they 
bad chanced to exist in the -whole tribe of tests, then most 
certainly would Ihe suigle lenses pass diem over in all alike^ 
and the doublets bring them out; at leasts when of the requisite 
goodness. Let us suppose a telescope to be gifted with a 
suiiicient power of penetrating' into space to be able to shew 
the sixth and seventh satellites of Saturn, and that there hap- 
pened to be no other bodies requiring an equal degree of 
Ulnminative power for their manifestation ; then, perhaps, 
would the invidious assert that they were very probably some 
illusive appearance or another, as the telescope was not capa 
ble of shewing any other objects better than ordinary. 1 need 
not say bow senseless, unscientific, and unphilosophical^ such 
a conclusion would be; however, there is, as I think, another 
mode of demonstrating the superiority of compound magnifiers, 
which you will be satisfied with, sceptic as yon are." 

Sir, I am all attention; what can this be ?" 
" Will you admit that the fact of our being able to discern 
some difficult test with a very low power is a proof of the 
goodness of the instrnment we employ^ and the lower the 
power the better the instrument?'' 

It is certainly a very g;reat convenience to be able to do 
so at aiiv rate, aiid I should not hesitate to say myself, that 
an instrument which will shew me every thing 1 want to see, 
without forcing me to employ high powers, is, at least, a most 
useful and valuable implement for a naturalist, for a thousand 
obvious reasons, whether actually better or not than another 
which requires a higher charge of power for the same' 
purpose." 

** Well, then, here is a doublet made upon truly scientific 
principles, being the compound aplanatic lens of one kind of 
glass of Sir J. Herschel ; its focus is one-sixth of an inch. 
Compound magnifiers, believe me, are at present fiir from 

tliat stute of perfection to which they are capable of being 
brought, because the makers of them are generally pleased 
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to vie with each other in trying^ who can inralt science the 

most grossly in the principles which they adopt, lliough I ^rant 
that they work, excellently well, according to them. Now, 
with thu magni^er 1 think you will find that you will see testa 
which cannot be diaceined with wj sort of single lens of the 
same focve and apertare^ nor with this either^ if you choose 
to reverse it, or torn either of the gUsses the wrong way, so 
as to subvert the principle on which it is made." 

*' I like tills sort of test a great deal better than the diagonal 
lines on the brassica ; the name of Uerschel carries with it 
weight and authority. I will Terify the facts you state at my 
leisure ; but I must give full loose to my scepticism in the 
meantime, and assert that I believe microscopes may be very 
good, and perfectly to be depended upon tor making disco- 
veries in all the ordinary branches of natural history and mi- 
croscopic research, which will hardly shew any of these 
precious thbgs you have set up as tests: a plague upon 
them \ are we to be eternally bored to death with the dust of 
butterflies' wings and the scales of beetles ? for my part 1 
don*t value them a rope's end V 

** Then you deserve to be made to appreciate the uses and 
properties of a rope*8 end at their fuU value ; nevertheless, I 
will myself so far agree with yon that -I consider the whole 
family of lined tests as very exclusive sort of objects : it is 
very diiiicuit to ilnd others requiring the same penetrating and 
defining power ; therefore the individual who first discovered 
and introduced them to the notice of the public, associated 
with them others, especially some difficult ones of the opaque 
class, which I hardly think any reasonable person can refuse 
to admit as proper tests for all uiicro^copes, of what nature or 
kind soever may be the researches in which they are to be 
eiinployed : such are the minutisD of a fly's foot, the serratures 
on a human hair, the little pits on a mouse*s hair, the tissue 
of the moss hypnum, and to these must certainly be added 
the eyes of several uamialcules. If au instrument cannot 
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sbew these, I Biippose you would reject it ae unwortby of 

confidence?" 

** My dear sir, you now begin (o talk like a rational being ; 
I cordially agree with you : all these things single lenses will 
ihew in perfection. Do you know I bad Buch satisfiictioo the 
other day in shewing a yonng puppy the eyes of a wheel* 
animalcule with a single equi-convez lens : he thought, for- 
sooth, to have come over me with his thingamy, his hang-his- 
cope, as I think lie called it. 

Vou must not forget, that even the objects you admit as 
indispensable proofs or tests are not shewn, except by instru- 
ments likewise capable of shewing the nu^ority of the lined 
ones, and that their goodness would be as well demonstrated 
by the lined objects as by a fly's foot, <S:c. ; whatever siiews 
the one will be sure to shew the other." 

** Well, well, be it so ; I am glad to find that we can go 
along with each other to a certain extent ; and I hope yoo will 
appreciate my long experience and long habits of research, 
with regard to the niinutiaj of natural history, as worth some- 
thing, and that I have not adopted the opinion that single 
lenses are, upon the whole, the most useful and effective 
wwlang mcro90op€9^ rashly. I shall always be ready to ad- 
rait Aeordicalfy the superiority of compound magnifiers ; but 
I believe it is only when they are of a certain focus and 
apei lw e that the . eye really derives aay advantage from the 
use of them." 

*' Have the goodness to explain yourself; I really do not 
comprehend your drift." 
f* Why, simply this: here are some equi-convex lenses, 

(very useful ones I find them), of \\ inch, 1 inch, and j inch 
focus; I mean to say tliat 1 find no use in employing them 
with a larger aperture than that of my iris ; and when thus 
reduced, I see no aberration about them ; a little colour only 
is perceptible with an oblique illumination ; they i|re, in short, ^ 
as good as need be^ — the finest doublet or triplet of the same 
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focus and aperture seems no better : if I even use an achroma- 
tic glass corrected by a concave lens, my vision dutia not seem 
to be unproved, because the aberration of the equi-convex lens 
was already qmie intemibU to me : you see what a deplorable 
animal you haTe to deal with ! Yon set before me. a fabnu de 
hwanesh la supreme, and a bottle of dos vougeai to wash it 
down ; and I think a beefsteak and a pot of stout as good or 
better food." 

" Tliere is some shew of reason in what you say, as we 
generally like any kind of food to which we ha?e been ha- 
bitnated, kowerer coarse it may be,— so do our eyes become 
coarse and indelicate in tkeir perceptions, and satwlied with 

very ordinary glasses, from the effects of long habit ; but of 
course, wheji we come to high powers, you will then admit the 
superiority of the compound glasses. 

Not at all; when we come to lenses of l-30th, i-40th, 
l-60th of an inch, and upwards, it appean to me that their 
aberrations are so very trilling as to be insensible, eren when 
only equi-convex. You saw how distinctly the l-60th of an 
inch iens shew ed the scales of the diamond beetle in the out- 
set of our conference : 1 do not believe any practicable doublet 
would act any better ; but it would, as you know, be impos- 
sible to get a doublet of this power to thew an opa^e objeU 
at oil, so the experiment could not be fairly tried. I have 
already told you the result of my trial of the doublet, triplet, 
and single lens^ on the diagonal lines of the brassica; and 
to conclude, I verily believe that it signifies very little when 
we come to these hi|^ powers, whether they are obtained by 
single or compound glasses," 

Then do you actually mean to deny the superior efficacy 
of compound magnihers altogether in all and every case : this 
is too bad !" 

Not exactly; that would drive you frantic altogether: 
I do tiiink that there is a ceitatn range of power, firom about 
^ of an inch to about l-30tb» at which the eye is capable of 
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appTtdlrtiiig' tbeir superiority^ and cmisequendy of deriving 
ad\antag(3 from it, (thougjh it may not be much). When a 
lens, having a large angular aperture^ is not of greater diameter 
than the pupil of the eye, so that all its marginal rays shall 
opetate fuUy^ it will, if free from aberration, make iti good* 
oeBi felt and recognised, provided, aa I have alMady aaid, it 
does not ran to an eittreme in point of dtptli : now, in the 
aforesaid ran^e of power, these conditions will oci ur ; and it 
may perhaps be considered that the circumstance of the dia- 
gonal lines being best shewn by doublets of about l-20th of 
tm inch foeu$, and mely by deeper ones, as well as the 
stiikbg efficacy ol the compound aplanatio of l-6th of an inch 
focns, are a sort of confirmation of my hypothetical notions, 
on which, however, I shall not insist.'* 

Well, I am glad to be able to extort this unwilling con- 
fession from you, at last; I suppose you would consider 
single lenses, made from substances which naturally give as 
low an aberration as doublets and triplets, in the same pvedi* 
cament with them ; and that you have no better opinion of 
diamond or sapphire lenses, or even ol compound raagnihers 
made of them: indeed you said as much just now/' 

^'How can I? I must of course be consistent in my prin- 
ciples ; you will have a confounded hard task to prove their 
superiority in any other way than by reference to analysis^ 
believe me." 

With such bigotted, obstinate, sceptics as yourself. But 
let us drop tbe subject of compound magniBers : will you come 
and look at a beautiful aplanatic engiscope ? " 

^ A what ? stuff and porridge ! pry thee, leave off Ibis ridicn* 
lous slang, and speak plain English.'* 

''Well, then, a compound microscope^ — ^but of wonderfully 
improved construction/^ 

I have no desire to see it : in the outset I told you my 
mind abont these awkward unwieldy thmgs I can assure you 
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it hat long been made up on the subject : aiid though I fully 
admit the maguitude of the improvements made of late on these 
instniments^ and their superiority over the old ones, I conrider 
them useless ; except, perhaps, for the purpose of enecating 
micrometrical measiirements, — ^for which end I do not deny 
that tihey are somewhat more convenient than simple micro- 
scopes : hovvtver, we can measure the size of objecu perfectly 
well without them." 

" If you will not allow them any merit in an optical sense, 
yon must admit that they are vastly more convenient than 
simple or compound magnifiers, for a variety of other purposes, 
as well as in executing micrometrical measurements, owing 
to the room they create between the object and the glacis 
for dissecting ; viewing bodies placed at the bottom of cavities ; 
looking ihiough the sides of a glass vessel containing polypi> 
charii, and aquatic insects; examining small parts of large 
bodies, not detached from their wholes, as opaque objects, and 
the hke?" 

''All these things can be done with single lenses also, 
the crdituay working powers : I repeat, their assistance can 
be dispensed with.** 

'^Wliat say you to. their large field of view? Is their 

achromatism also without merit?'* 

*' I say thai ilieii Jit Id is no lars^er tlian that of a sinsrle lens, 
provided it is so set thai it can be brought very close to the 
eye ; for then, by iumi$^ the eye about, an equal number of 
degrees of field eon be examined: the only diffeience seems 
to be, that in the compound nncroscope or engiscope, as yon 
are pleaded to miscall it, the wJiole field is taken in ai utw 
swoop.*' 

*' That makes a vast difference, let me tell you : but will 
you not admit that the engiscopes fatigue the sight less than 
single magnifiers, when the power is high ? 

''That is entirely an affiiir of habit; my eye is never 
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fatigued with the deepest single magnifiers : whatever instro- 

ment shews an object best will fatigue the sight leaat^ be it 
what it mayj as must be self-evident.** 

^'1 see you have roiled yourself up hke a hedgehog, and 
present nothing to me but a hall of prickles, let me turn you 
over which way I like : however, if you are not afraid of 
meeting with an instrument yon may chance to like better than 
your own^ pray iuuk at these scales of the podura m the 
eugiscope." 

''Afraid, indeed! a likely joke." — [He looks,\ 
Can you say yon have seen this object as well in your 
single, or I will say compound, magnifiers? say, on yonr 

honour !" 

** I cannot say, upon my honour, that £ have seen the lines 
so dark, and so decidedly made out ; but the circumstance is 
eesQy accounted for by the superior darkness of the engiscope, 
which I need not say must be much greater than that of a 

single lens of the same power aud aii^iilai aperture, havinj]^, of 
course, an opening equal in size to the visual pencil of the 
engiscope." 

''Well, sir, that circumstance need not distress yon; if 
making instruments darker will cause them to perform better, we 
can, God be praised, darken your single lenses for you to any 

required degree, with coloured glasses ; but 1 will defy you to 
shew the object with them as you have seen it just now, do what 
you wOl with them ; not only are the lines shewn darker, and 
the spaces between them clearer, than with your lenses, but 
many which with single or compound magnifiers, of high 
powers, seem ragged and dotted, or rather an aggregation of 
data, are shewn as veritable lines ; moreover, you see the out- 
line of the scale best at the same o/^^ustmeni which serves also 
to bring out the lines*** 

* My coadjutor, whose experience is very great, usmes me, tbat this 

circumstance depends upon the state of correction in the objective as to 
a|>hericity,— the aheiration of which must be overbalaaced to exhibit the 

X 
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'* That lb because llie magnifiers shew them right, and th« 
engiscope wrong; I do not believe that tbe lines on tlie scale 
are in the same plane with the maigin of the scak, though they 
may be nearbf so.'* 

^ Here is die old object, the diagonal fines on the brassica ; 
look how strongly they are made out, and how many more of 
them are visible than with the best doublets or triplets. Can 
you doubt of them, really, now ? Look, how beautifully, 
by a slight change of the light, all the cross stria come 
o«t." 

'*1 told yoa before, engiacopes must not be tmstadfor 
exploring unknown objects, or mtking diseovenes ; the whole 

is au illusion/' 

** You say eugiscopes cannot be trusted to make discoveries^ 
behold J they make them for you, and you will not believe in 
themit 

I see yonr patience is nearly worn ont, I will not plague 

you any more, except to view the diagonal fines on the brassica 

IN THE INSTKUMENT WHICH DISCOVEREI> THEM THE REFLECTOR 

OF Ahici J they are shewn so decisively in this instrument^ 
that U would be ae reoBonable to doiM their existence ae that of 
nded Hnet in a ot^y^book : doublets and achrcmaiici someiime» 
shew them, eomeHmes not, but trb rbflbctors nbver conceal 
THE TRUTH : moreovcr, observe the perfectriess oJ iJui lorigUudinaL 
lines ; no dots !" 

''Pooh, pooh, man! of course the reflectors being stiU 
darker than the fefracting engiscope, naturaUy shew these 
and all other objects darker; and this you call shewing them 
better." 

Here Mr. Putty , who was one of tliose persons who can, on 
ordinary occasions, laugh in their sleeves without moving a 
muscle, and who had been long much tickled with Mr* 01d<- 

gTooves and contour together : agaiiki a Taiiation oecuxs according to the 
tide of the scale which is viewed. 
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buck's hamours, was fairly upset^ and bunt into a longacocnfal 
Ittugii ; whiok Mr. Oldbuck^ who mortaUy hated and dieaded 
any thing like ridicule^ resented, as a gross piece of ill breeding, 
and an affiont to his dignity ; aud ho the conference termi- 
nated, both parties being unconvinced by each otiier's argu- 
ments, and remaining in their original opinions ; Mr. Patty 
considering his engiscopes a signal instance of the glorions 
trinmph which it is possible for art to achieye over nature, by 
the desirudum of aberration; thus creating an insiruintnt 
which, though it operates through the medium of an image, 
but (,f :)]inost inconceivabie perfection, is nevertheless capable 
of exhibiting all objecU more perfecdy than can be done by 
the best magnifiers ; at least when the artist has been so fortu- 
nate as to prodnce a perfect system of object-glasses, with 
their aberrations exactly balanced, or a pair of metals exqui- 
sitely figured : Mr. Oldbuck, on the other hand, regardmg 
them as a mere waste of labour, and prostitution of talen^ 
quite unfit for phaosopbical puiposes^r-^. R. O. 



POSTSCRIPT. 

It only remains for me to say, as an epilogue to this little 
scene, that I hare expressed my own sentiments in the 
character of Mr. Putty ; and though I have formerly, in a 
paper in the Quarterly Journal of Science, given it as my 
opinion that it would be utterly ineonsiitent with the laws of 
iietnre and optics that engiscopes shoold ever equal the per- 
formance of magnifiers applied directly to the object, yet I am 
now convinced by facts, that those now made not only equal, 
but are capable, in a few rare instances, of surpassing them, 
especiaUy if of the reflecting kind. The only instance 1 can 
Foint out in which an engiscope fails to do ite daty» or what I 
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suppose to be sucb^ in this: — we all koonv that a globule of 
quickjiilvery like a eonyex mirror, forms a miniatare image of 
every filing it is exposed to ; a window for example : we know 
also, that we may, with a powerful engiscope, view, and 

magnify, and examine, tliis minute inia<^e, provided the globule 
is not too small; if it is, the eiigiscoj)e makes a blot of light of 
it (like the spurious disc of 6xed stars seen with a powerful tele- 
scope), instead of developing the features of which it is com- 
posed, for there can be no doubt that the most minute globule 
forms an image. A reflecting instrument, indeed, ^ives a' 
smaller spurious disc tlian a refractor, and will also define the 
image of a smaller globule, but still, it fails at last. Now, 
whether msgnifiers of high power wonld do the same thing or 
not, we have no very accurate means of knowing; for they 
approach so very near, when applied to objects, as totally to 
overshadow them, and thus preclude the formation of an image 
on the globule, except by means of a cup ; and the illumination 
of the globule being accomplished in this way, of course we 
can expect to see nothing but the image of the ca^, which may 
easily be mistaken^ when on a very small scale, for a spurious 
disc. Now I have sometimes thought that this property of 
engiscopes causes them to give that apjit ;n ;uiLe of dots or 
specks so visible iu the tissue of tlie lines and markings ou the 
grooved proof objects, especially the brassica, when viewed 
with aplanatic object-glasses of great dtpih; bo that a small 
effort of the imagination would easily enable us to fancy that 
we aclually saw the constituent particles or atoms of which' 
the body was composed. This phenomenon may, with old 
specimens of scales, be, in some measure, owing to decompo- 
sition ; at the same time reflectors cannot be said to shew it,- 
but ihere is no knounng whai tluy viight do if their obfedive pari 
could be rendered of the same depth as that of the refracting 
in$trumenl8. As to com p< nsaimg for this deficiency, hy forcing 
the power with eye-glasses of very short focus, it is a practice 
I have always reprobated, aa it dilutes the image till, in my. 
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opinion, there is very little reliance to be placed upon if« 
demonstrations. The best doublets, triplets, and lenses of gem, 
seem to shew the dots and points much in the same way as 
the refracting engiscopes, but perhaps not so strongly marked. 
As for the reason why refracting instruments so rarely shew 
the oblique lines on the Picrh Bramea, and when they do, 
perforui tlieir task in so slovenly a manner, I nmst confess I 
am as much at a loss as wh^ metals, having a large angle of 
aperture, should so invarutbly exhibit them ; unless the reader 
is pleased to lay the circumfltance to Ae account of the superior 
defining power of the reflecting instruments. Perhaps there 
may be some analogy between this object and the small star 
near Polaris, which is !>• ipiently shewn by small telescopes 
possessing great delining power, and passed over by others of 
large aperture, which shew all other telescopic objects per- 
fectly, such as the minute stars composing clusters, and the 
like, which we should suppose a priori quite as difficult to 
bring out. This star seems also to melt away under the 
action of high powers, whereas there are others, to all appear- 
ance vastly like it, which cannot be seen till the field of view is 
rendered very dark, by a high power (vide Sir W, Herschel's 
Catalogue of Double Stan, in the Transactions.) 1 may 
observe, that I never saw these oblique lines with a power 
exceeding that of a l-4(Hh of an inch lens : all the very deep 
object-glasses and doublets I t vrr }Ki[)f)( ned to use were totally 
blind with respect to this very remarkable object. 

C. R. G. 



CHAP. VL 

OM THB SPHBUOAL AMD CHBOMATIC 

ABERRATION, &c. OF £Y£-P1£C£S. 



It being atili stoutly maintained that eagiicopes and erecting 
eye|>i«ceB, haying foci in front of their anterior glaaaei^ can be 
rendered achromatiG hj merely arranging tiidr compoiient 
leniei at particular intervals ; and that the intellectaal and 

manual lal)our which 1ms oi late years been expended on the 
construction of achromatic object-glasses has been, in conse- 
qoence, unprofitably directed^ it is the provinceof the present 
work« and the bounden duty of ita anthon, to demonatrate tiie 
fidsity of each doctrines, and to vindicate the tmth of the 

* FUti Paper b the «* Philosophical Magssmo, aad Aaaals of PM- 
lotophy/' ibv Aagati, 1831, No. 56» p. tit,— tiki TImrm 9f ildhw- 

malitation, by the Rev. H. Coddingtm, in reply to a paper published by 
mjielft *' On the Chromatic and Spherical Abenation of Eje-pieces," in 
Sir D. Breuster''s Edinburgh Journal of Science; in which, as it was in sepa- 
ratr circulation at the time, Mr. C.'s answer certainly ought to have 
appfjirt (], unlfii II wus mtetidiii io f>,' ((,;:/ / i/ il$elff without reference to the paper 
it frreifnijs to refute. Mr. C vh Ida l>u[ one point, viz. the theory of the 
Giegonau telescope, coustructed wiih unrrors of glass, which he admits to 
be someirhat imperfect* I think it will gcuerally be found that if a man 
has aa impeiCBcdoo tahis ttndeittaadiiig, or method of analysia, whioh will 
cause him to be in error on one optieal lohjeot, it will opciate on a vast 
nnmbof of others. The only favour I have to reqaest of qMiciaas is, that 
they will read the paper I have alladed to« or the present one, in coa* 
jnnctioii with Hr. C 's arnHd and ingemtmt answer. In the former there 
an many lypognphical eirorSf which comfiise my meaning in some plaees. 
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opposite pniicipie8> for the honour of the improremeati letely 
mtroduced into use* lf> indeed, the aaid degmafl and theories 
had been laid down by obscure individuals without influence^ 

it would have bt*«n the wisest course to have allowed them to 
rest in peace and contempt ; but, unfortunately, their authors 
are persons of the highest consideration and iufluence in the 
scientific worid^ by whom they are supported with all the parade 
of mathematical demonstration ; and it may not without reason 
be expected that a large majority of that class of savanSy who 
dare not, and perhaps cannot, think for themselves, will con- 
ceive it to be much more creditable to be in the wrong with 
men of such high eminence, than in the right with mere 
practical opticians. Yet it must be admitted that optics is both 
an experimental and de m on st r a t iv e science, and it is well that it 
is so ; and though experience ought certainly never to dictate to 
analysis, (which would be placing the cart before the horse^ with 
a vengeance), yet, the testimony of the senses, and of those 
organs which are to use optical instrnments» most not be wholly 
rejected. A telescope, and what is usnally termed a compound 
microscope, or engiscope, pass into each other ]»v insensible 
degrees, so that it is somewhat difficult to dehne the one from 
the other otherwise than by drawing a line of demarcation 
between them by reference to the length of the anterior and 
posterior focus <tf the object-glass: thus we may say that a 
telescope has its anterior conjugate focus, or the distance of 
the object from the object-glass, longer thnn the posterior, or 
that next the eye-piece. In an engiscope the case is reversed ; 
perhaps, therefore, a definition of an engiscope, as distinct from 
a telescope, may be given time : — ^it is a telescope made on a 
very small scale, having its object-glass, and the conjugate foci 
thereof, reversed. In suj)j)()rt ol the analogy between the two 
instruments, it seems proper here to remark, that an engiscope 
will act with a concave eye-glass jnst as a Galilean triescope, 
and that its focus can be adjusted by moving the eye-glase 
alone, instead of the whole body, as is usually practised* 
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The line of separation between them in where the two foci 
are eqtial : such being the case, we mav inajve an object- 
glass of short focus, say four inches^ gradually pass through 
rII the gradations from a telescope to a compound microscope, 
without making the least change in the principle on which the 
image is formed. Now no optician has CTer yet dreamed of 
making an achromatic telescope by arranging; a system of 
glasses at particular intervals ; though^ if a compound achro- 
matic microscope or engiscope can be so made^ we ought 
sarel J to be able to construct a telescope^ of some sort or other, 
on the same principle ; the two instruments, as before stated, 
being so similar in their action of forming an ima^. It is a 
consideration also worthy ol' being attended to, that the hrst 
practical opticians in Europe have now all adopted the method 
of making achromatic engiscopes precisely on the principle of 
telescopes ; that is, by correcting the chjecHve part hy meane 
of concaves of flini gUtse, Such men as Fraunhofer, Utzneider, 
Amici, Sellir>,ne, Chevalier, DoUond, Tiilley, would scarcely 
have all adopted so difficult a task as that of making these 
minute achromatic glasses^ if it had been possible to obtain a 
perfect correction of chromatic and spherical aberration without 
them. They are all in the habit of making so-called achro- 
matic erecting eye-pieces for spy-glasses, which are, in feet, 
nothing but compound microscopes; audit is haidly credible 
tliat they should not have perceived the application of them as 
such, if they were bona fide achromatic. But the feet is, these 
artists all know the fallacy of these things, and how, and under 
what circumstances, they are achromatic. I propose to shew 
that an engiscope cannot be made achromatic in any other 
manner than as a telescope is, and that the new achromatics 
are, consequently, not superfluous. 

The angle of aperture of the erecting eye-pieces of spy- 
glasses is usually very small, not exceeding that of the object- 
glass they operate with, or about five or six degrees; the 
chromatic aberration, tiierel'ure, of what may be considered 
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their objective part, b neariy inaensible to vulgar eyes, on 
aeconiit of tiiis small aperture. For> eatertB paribus, the 

chromatic aberration of lenses is in the direct ratio of the 
square of their aperture, or the actual quantity of light they 
admit j — ^if, therefore, the size of the pencil is restricted to 
perhaps one tenth of an inch (the usual diameter of the stop 
between the first and second glasses of an eye-piece), it is 
wholly impossible that much colour can be generated. But if 
a lens of tliirtv inches focus has an aperture of five or six de- 
grees, its diameter will be about two inches, and the quantity 
of colour generated by it eighty times stronger than in a lens 
of two inches focus widi an equivalent opening. Moreover, it 
is well known that all working opticians are in the habit of 
over-correcting the colour in the object-glasses of those tele- 
scopes which are expressly made for viewing terrestrial objects. 
It is supposed by some, that the predominance of blue and 
purple rays> which is occasioned by this over-correction, tends 
to exhibit terrestrial objects better than they would be seen if 
the instruments were perfectly achromatic— an absurdity which 
I shall not take the trouble of refuting. The real manner in 
which a beneficial operation is produced by this over-correction 
for colour, is by it* ^eci on tke eye^ece, which it greatly 
amelioiates and improves, by neutralizing the red and orange 
light which would otherwise greatly preponderate in it, so thai 
the totality of tke inslrmiient 7nay be considered sufficiently 
achromatic for practical purposes ; nevertheless, under certain 
drcnmstances, the uncorrected colour of the eye-piece renders 
itself very manifest— as, for example, when we view some dark 
object, such as the rigging of a vessel, or a weathercock 
against the light of a clear sky ; lor by placing the object 
at the edge of the held of view, while we look obliquely at it 
from the opposite side, so as to catch an eccentrical pencil, the 
uncoirected colour is instantly felt 

Now, as I am contending for the prmcfjole of achromatism, 
I shall proceed to shew that all erecting eye-pieces of the 
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ordinary coiMtruction^ thou^ tbey mny, under certain cncMK 
atioM^^ ftAd in a practical pomt ot wiew, pa.ss for achromatic, yet 
hat*e, in good earmf9t,no achromaticity abimt them ; mod wi^m 
1 tiyBk sBf man iMj convmce InniB^ by lolk^ 
meat : t fc e w M»aill cnedwduK of bnas^ wiA m hole m 
it, placed KetweeB the two bottom I losses of all erecthis^ eye^ 
pieces, which, when the telescope is in action, serves only to 
eidiide the false light which is reflected by the long tube : the 
dameter of tbe bole in it is Miially about one-tenth of an inch, 
or jwt what wiU allow tfe pemnl of light froat the ofajeci^iaffi 
to dear it: tbe telescope will be jaat ae acfaroaulie witboat il 
aa with it; when, however, the eye-piece is remored froia 
the telescope, and tried bv itself, as a rrimpound microscope, 
the said diaphragm acU a very important party and, in tact, 
lodaceatlieaBgle of apcftnre of tbe ■eaiiy to thai 

of tbe ob|ec^;laaa of tbe tefefoope aknig with wbicb it acted^ 
being, ao 1 aaid belbre, perhaps abi degioea. Now U is no 
wonder that with so small an opening, though unassisted by 
the over-corrected objeci-glasis, the eye-piece should still pass 
for achromatic with those who know iK>i bow to look into its 
defects/— just as we see Molatlees aad people of coIoot^ who 
Imto not mmek black blood in tbeir yms, pans for wbites. 
Let, kowever, tbe said stop be knocked out, or, wbat will 

amount to the same thincr. let it he opened out wilii a broach, 
until it wiU admit the whole ol the pencil of a perfectly achro- 
matic objectgbia^ kaomg a Uargo aMgtdar. ^gperiure — Ibr 
cxawple, QUO belongnig to an open-glawy or perapactifa, or 
or aomo of tboao dampy admmatica wbicb Bamaden waa ni 
the habit of making — this wiU probably cause an enlar(;ement 
of tbe perforation of the said stop, from 1-IOth to 3-4tl) of an 
inchp if the focus of the first glass is two inches. It may be known 
to bsve attuned its proper stia when the ratio between the 
diameter of the visnal pencil and that of the objeet-glaM traly 
fopreaents the magnifying power of tbe telescope, or, when it 
is fouitd by ej^anmiiug the pencil with a magniher^ that none 
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of the aperture of the object-^lass id cut ofi by it. On trying 
any telescope thus mounted, it will soon be seen whether the 
eye«pieee is eehromatic or not: or the said eye-pseoe may be 
tried as a compound microscope, by itself ; and I can only say, 
that a man who is not able to perceire colour in it must be 
either utterly blinded by preconceived o{)inions, or by a com- 
plete incapacity to perceive the faults of optical instruments^ 

Nevertheless^ iktrB i» a coiuirueiim for am erecting eye* 
Ufkieh is bon& fide tu^romoHe to nay angle aft^eriaref 
as it appears to me, namely, a eimpie redupHeaiim of ike 
Uuygheuian eye piece , that is, usiiii^ one to erect and form the 
secondary image^ and another to view it, which will give a com- 
pensation to each part ; but this construction is never employe!^ 
at least I never met with it, because, I presame, if we nae a 
Hnyghenian eye-piece to form a secondary image, the com- 
ponent lenses will be nearly of the worst fig^ire, and in the 
worst position for giving distiiictness-f-, — ^which is a quality to 
be preferred even to achromatism. I need not observe that 
siicb a Gonstraction eonld never be used by itself, as an 
engisoope, or compound microscope^ becanse its foena being 
11 1 g ative, or hetareen the glasses, it can only be made to operate 
on an image already ioriued. 

In the year 1815, being then a student in the University of 
Edinburgh, I began my career as a reformer of microscopoi^ 
from reading the article *^ Telescope," in the Eneyclopssdia Bti* 
tannica, written by Professor Aobinsoa, and eluefly from tba 
eonsideration of a passage in it, winch I shall here quote. 

''We have examined trigonometrically the progress of a 

* Vide Chap. XIX. p. 191, and paiticaiarlj p. 200, of the Microicopic 
Cabinst." Every thing I have there said CQacemmg Ae ait of looking 
into the defects of microtoopes and engiscopes applies to etectbg eye« 
pieees, irf oitg Ip tdrntap e t, with wiy tetto mm^ieem. He that hath ejwe 
lesee«lel hhasee Ibrhimetf, wad he mads a dope no kagsr, sithsr by 
fia»*^im theories or great aathoiities. 

t Hi* onUnaiy constraction rather resembles sa Haygbenian eye-piece 
revsned^ or inverted^ which, of coerie, etteriy sahverts the achnmiatisBi. 
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red and a vitikt ray, l.htoiis;lj many eye-pieces of Dollond's 
and Ramsden's best telescopes, and we have found in all of 
them that the colours are anited on, or very neary the field* 
glais, lo that we presume that a theory somewhat anabgone 
to oar's has directed the ingenious inventors. We meet with 
maiiy made by other ailisLs, and even sume of theirs, where a 
considerable degree of colour remains, sometimes in the natural 
order, and often in the contrary order : this must happeD in the 
hands of mere imitators^ ignorant of principle. We presume 
that we have now made this principle sufficiently plain. Fig. 
20, No. 2, representn the eye-piece of a very fine spy-glass, by 
Mr. Ramsden ; the focal length of its object-glasi> is 8| inches, 
with I'fif of aperture, 2*05" of visible field, and 15'4 magnifying 
power; the distances and focal lengths are of their proper 
dimensions^ but the apertures are a half larger, that the progress 
of a lateral pencil might be more distinctly drawn. The 
dimensions are as follows 

Focal lengths,^'? = 0-775, Bb = 1 025, Cc= 110, Dei z= 0-79. 
Distances, AB MS, BC = i S^, CD ~ 1*105. 

**It u perfectly ackromaUe, and the colours are united, not 
precisely nt the lens (C c), but about l-20tU of an inch nearer 
the eye-glasH. ^ 

^It is obvious that this combination of glasses may be used 
as a microscope, for if, instead of the image formed, by the 
object-glass at F O, we substitnte a small object illuminated 
from behind, as in compound microscopes, and if we draw the 
eye-piece a very small way from this object^ the pencils of 
parallel rays emergent from the eye-glass D v^iU become con- 
vergent to very distant points, and will there form an inverted 
and enlarged picture of the object, which may be viewed by a 
H^yghenian i ^ e piece, and we may thus get high magnifying 
powers without using very deep glasses. VVe hied the eye- 
piece of which we have given the dimensions in this way, and 
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found tliat it might be made to magnify 180 times with very 
great distinctness. When used as the magnifier of a solar 
mtcroBcope^ it infinitely surpasses every thing we have ever 
seen. The picture formed by a solar microscope is generally 
80 indistinct that it is fit only for amusing ladies ; but with thb 
magnifier it seemed perfectly sharp. We tlierefore recom- 
mend this to the artists^ as a valuable article of their trade.** 

I caused that distinguished artist^ Mr. Adie^ of Edinburgh, 
to execute for me a microscopif similar to that recommended 
by the P^ofessor^ on which no expense was spared it of 
course gave an erect image. I was not content with tt, its 
construction being too complicated, and its lenij^th inconvenient ; 
moreover, though its angle ol aperture was no greater than 
that usually given to eye-piecea> its chromatic aberration 
forced itself occasionally on my unwilling conviction in a 
manner which I could not resist, in spite of my fidth in 
analysis. I naturally, therefore, imputed this defect to Mr. 
Adie's imperfect execution, and set him to work afresh, to 
make another microscope, on the plan of an erecting eye-piece 
of the ordinary construction, g^niog the different powers by 
the application of Huygfienian eye-pieces to the image formed 
by the two bottom glasses. I was very much pleased by the 
distinctness of this microscope, and so were all who examined 
it; still, however, it was not arhroraatic, so I set Mr. Adie 
down, at the time, fur a bungler, who could not adjust the foci 
and intervals of the glasses in a proper manner, and deter- 
mined to have the thing done effectually, if possible, by 
London artists, which resolution I executed afterwards. In 
the course of these experiments I found the utility of getting 
the power at the objective instead of the ocular end of (he 
instrument, as a much sharper image was thereby obtained ; 1 
accordingly deepened what I shall call the object-glasses, as 
far as one-fonrth of an inch focus, and obtained a very superior 
microscope, an account of which baa already been laid before 
the public 
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At to aebroai^ste; however, I regret to state that die 

Loii(](m workmen succeeded no better than Mr. Adie, though 
I thought a feeble compensation was produced sometimes 
when the curves of the taro plaso-coDTex leases which com- 
poaed the olject-glasa weie tuned towards each other in thft 
manner they have been engfaved* 1 moreo?er once tfaoaghi 
that I had got a combination that was aekromatie upon opaque 
objects; and beino^ determined to leave nothing to be done by 
any man who should take up the subject after me, I resolved to 
apply to Mr. TuUey^ of Islington, to have has opinion and 
advice on the anbject He soon oonvbced bm of tiie impossi- 
bility of obtaining achromatism in any • caae whet« an image 
was to be formed from a real object otherwise than by tiie 
action oi concaves of fiiiit glass, and tliat my ij^norance of the 
art of seeing the flaws and imperfections of optical instruments 
was the sole c^nse of my supposbg I had ever obtained 
achromatism in any degree. 

Now as my respect for truly exact science is not surpassed 
by that of any man, I must confess that all these circumstances 
created in my mind some doubts and misgivings as to the 
accuracy of Professor Hobiuson's statements and theories, not 
very much unlike what I have observed in &rmem in the 
country, when unable to reconcile the actual slate of the 
weather with the predictions of Moore's Almanack, in which 
their faith is altogether inflexible. 

These iht Giles of Professor Robinson seem to have been 
resuscitated by Professor Airy and Mr. Goddington. The 
work of the latter gentleman, " On the Beiraction and 
Reflection of Light,'* contains the substance of Phifessor Aiiy'a 
papers on these subjects; and whether it is consir'ered as a 
work of originality, or as a compilation from the writings of 
our iirst opticians, it is admitted to be the beit publicaiion 
of the kind at present extant, whatever defects it may possess, 
and wants no feeUe testimony of mine in its fiivour. 
I presume, however, that the most stannch advocate for the 
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dignify of enct tcienee, whOe he will iantt oo tlie vast Mpe- 

riority of its evidence inter tlimt aflbrded by the senses, will 
never contend that it is to run diametrically opposite to their 
testimony. 1 shall venture, though well aware of what I am 
doing, to impugn its infallibility, in the case of these theories 
<if •chromtttunn of Professor Robinson, Professor Airy, wnd 
Mr. Coddingtoo, on the ground that no artUi is able to make 
an aehrmfuxHc inetrument according to them» I shnU oppose 
the said theories by what we call, in common idngn^ge, facts ; 
for I must state that when I view the subject theoretically I 
am utterly unable to detect the least flaw in them. It is not 
to be expected, indeed, that a poor sciolist like myself should 
be able to school men of sadi high math e matical acquirements 
as the aforesaid eavam; the task must evidently be left to 
mathematicians whose calibre is still larger than theirs*. I 
have already partly expressed my own views concerning 
idiromatism, and I shall endeavour now to eaqpiand them into 
the foUowiog propositions, which rest on the basis of die 
evidenee of the eyes, or experience. 

1. When achromatism is obtained by the adjustment of 
lenses to particular nitervals, as in the case oi the Huygheniaii 
eye-piece, such achromatism is absolute and perfect^ and not 

* Aoalysis may, I conceive, be subject to tie foUowiog defects : — 

1st. It may be founded on correct principles, but false in its details. 
It mpiy bf founded on false principles, but correct McordiDg to 
them, and also in us details, 

3d. These defects may be combined. 

I should suppose the theories of achromatisation I hare impugned 
to be in the second prrdicament, and the false principle assumed, 
to be, tiiat the compensation J<rr dispersion may' take place any hmp, io 
that it is effected OH the whole i,ystem i and that the double correction } insist 
vpon it unnecessary ; and it mast be confessed that, viewing the subject 
ujnvnif purely ma tJuoretictd manner, nothiJig can be more consonaiit to 
right reason than ikai one Mmpmntton tkmUd suffice, always supposing that it 
it f tt Olt to i0kt It m Uht whoU, Mont giving a eometion to tht o^Mlttw mud 
oeiUotfmitifaniaifgmhiA, howevtr, doetaetimppc& tebe the case. 
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like tlmt effected by the coinbinfttioii of a concave Icdb of flint 

glass with a convex of plate or crown glass, which never 
effects a complete nentrali/.afion of the chTOinalir abenaJiou, 
aa 13 well knowu ; theretorc. if eugiscopes aud telescopes could 
be made by the adjiutmeut of a system of lenses to particular 
intervals^ their achromatism ought to be decidedly snpeiior to 
that obtained by the action of concaves of flint glass> and 
eqnal to that of a reflecting instrument. 

2. The only kind of achroraatization produced by convex 
lenses^ which is known in practicei, is when two are adjusted to 
an interval equal to one half the sum of their focal distances, 
or diereabonts. These conditions are not rigorously neces- 
sary, as the lenses may be placed somewhat nearer than that; 
Moreover, the intervals seem to differ a little accordino^ as the 
eye-piece is adapted to an engiscope or to a telescope ; at least 
if the power of the former is low, and the tube short 

3. Many modifications of this combination may be made,— 
as by doubling or tripling what are usually termed the eye 
and field glasses^ so that the compensation for a double or 
triple eye-glass may be thrown upon a double or triple field- 
glass : also, there may or may not be an interval between the 
lenses composing the eye aud held glasses : stilly however, the 
mode of compensation is the same. 

4. In order to form a trufy achromaiic erecting eyefneee, 
or engiscopct there must he a compensation both in that part 
tvhich erects and fonns the i/inifre, and at iliat ivhich tijeivs it; 
therefore no adLromatic erecting eye-piece, or engiscope, can be 
made wUh so few as three lenses, because either the objective or 
ocular part must inevitably be without compensation. 

5. An erecting eye-piece, therefore, can only be made really 
achromatic, if we do not employ concaves of flint glass, by 
conibiiiinor two lluyglienian eye-pieces, or some nioclification 
thereof, together^ in such a way that one shall erect and form 
the image, while the other is made to view it.- As to the 
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nnUrval between them, or what may be termed the second and 
UdrdglaMses, if the etf^fneceeonnds of four, U may begrealUy 
varied — ^for example^ from six to eighteen inches, and more — 
wiihout sensibbj affecting the achromatism* ; the first and third 
intervals only requiring to he determined with precision, 

6. Such aa eye-piece could only be used for viewing an 
image, and could ne?er be employed as an engiacope, because 
it would have no external focus in front of the bottom glass ; 
dierefore, an achromatic engiscope can only have a double 
compensation in the .same way ;is a telescope has it, of which 
latter instnimeiit it is nearly a modification ; and as it is 
exceedingly difficult to procure perfect flint glass lenses of 
large diameters for the object-glasses of telescopes, it is 
deyouUy to be wished that, by the omnipotence of analysis, 
we may at length be enabled to construct them absolutely 
achroituitic, of one kind of glass only, by adjusting a system of 
lenses to particular intervals ; while with proper attention to 
the forms of the l^ses, their spherical aberration ought, at 
least, to be reduced to insensible quantities, using only a 
small angle of aperture, though it could not, perhaps, be 
wholly removed. 

Now, on comparing; these propositions with those contained 
in Mr. Coddington's work, under the head of Achromatism, 
page 262 to 269, it will be seen how completely theory and 
practice contradict each other. 

According to Mr. G/s theories the following is a specimen 

* Thus siith esperieaoe : behold what theoiy iayi,*<~sap|HMatig the fiMi 
and third inteivals* • and t, to he atoeitatned, and gim to imd the secondt 

«9 this will be repretented exactly^ of course, by the following singular 
expression (the four numbered /s being the loci of the lour lenses in the 
eyepiece, namely, 3, 4, 4, 3, vide p* 266) ^— 



Digitized by Google 



146 



TBE mCBOGRAPHU. 



of the dimensions of an achromatic erectiDg eye-piece> coA- 
BiatiDg of four glaaaea ; vide pagea 168 and 266. 

Iiielwi* 

Focal lengths 3 — 4 — 4 — 3. 
Intel vais 4 — 6 — 5*13. 

when ihe axis of the incident pencil is parallel to thai of 
the lenses : when it is inclined to them, the following variation 
in the intervals will ocear, if I rightly understand Mr. C : 

4 — 6 558 — B-43. 

I suppose, with due submission to better men, an achronuUie 
eyepiece ought to be ochromaHc: let any optician execute 
this ; if it proves to be achromatic^ I shaU make the amende 

honorable to Messrs. C. & Co. 

If the lenses in the aforesaid eye-piece have the best possible 
figures, as ascertained in p. 79, the spherical aberration will be 
reduced so low a$ 0.003; that of the single equivalent lens of the 
least abenration being 0*76. (vide 179.) I wish the makers of 
the achromatic object-glasses had in general the luck to reduce 
their aberration as low as this, with any large anglt* of" aperture. 
I conceive that auotlier false principle has been assumed by 
Messrs. €• and their colleagues, relative to the spherical aber- 
ration; viz. that, like the chromatic, it does not require a 
correction both in the ocular and objective part, but that the 
compensation for it can be effected ttpon the whole any how. 

It will be a memorable instance of the fullability ui analysis, 
even when conducted by minds of the very first order, if the 
said theories are found to be false and erroneous, as I am 
perfectly satisfied they are — for by their frnita we may know 
them to be so." I have always found that good sound theories 
will prodiiic instruments which satisfy the eye; and though 
it must be admitted that this organ is exceedingly coarse, and 
easily pleased in the generality of mankind, it in nevertheless, 
in many instances, capable of acquiring a refined and accurate 
taste in optical instruments, by a good education, just as it 
does in pictures and other works of art« 
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r I once luid the honour of looking throogh a telescope of the 
Gregorian form, bat constructed with mirrors of glass^ by the 
late Mr. Tolley, according to the theory of Professor Airy. 

Mr. T. had expeuded the whole of his skill vipon llie instru- 
meut, and had worked the said mirrors over aud over again^ a 
great number of times, till his patience was exhausted ; yet 
the confusion in the vision produced was so greats that it was 
but just possible to recognise objects. 

I think when such an artist as Mr. T. cannot bring a tele- 
scope something near to distinct vision, when workino; to the 
utmost of his ability by the theory laid down for him, it is not 
wjust to conclude that such a theory must be rotten al the 
very care* Can it be said that such sophistries are uiefid as 
serving to exercise the understandwg? I should say that 
they can only serve to habituate it to i'allacious hypotheses, 
unsound subtieties, and delusions of every descriptioti. VV^e 
had better remain in the dark altogether, than be misled by 
such f^nes fatuL If books cannot be written even on the 
exact sciences^ without being foil of errors, what is to beconie 
of those on other subjects — such as politics, medicine, religion, 
cosmography, &c. where men's passions are perpetually in- 
terfering to warp their judgments, and lead them astray from 
the truth? Such considerations ceftamly ought to teach the 
proudest philosopher a little true humility. 

In the second volume of Mr. Hume's Essays, section 12, en- 
titled "Of the Acadtniical or Sceptical Philosophy," Part 
8econd, there are some curious reasonings on the subject of 
mathematical demonstration, which the reader would do well 
to consult 

I may observe that Mr. Coddington has been at the pains 

of falsifying his own theories, practically at least, to the best 
of his abihties, by presenting to opticians a compound micro- 
scope, termed achromatic, which is constructed according to 
them. It is described in his treatise on the ''Eye and Optical 
Instruments^'^ pages 60 and 61^ under the head of Achromaiic 
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Ofy'ecL-Gkus, and u representeil io plate 13, figure 190. He 
has Implicated articles 305 and 310 with die expreBBiona in 

pajres 261 and 263, in the Treatise on the ''Refraction and 
Reflexion of Light," in the construction of this instniment ; 
and if he had succeeded in making it aciut>matic, there would 
be good reason for assertiDg that it is unnecessary to correct 
the dispersion of its object-glass separately ; since> if his theo- 
ries were accurate, a much better and purer achromatism ought 
to be obtained by the simple adjustment of a system of lenses 
to proper intervals. 1 assert point blank that bis instrument 
is as complete a failure as any thing of the sort I ever at- 
tempted myself. I have examined one of these inatrumenta 
of the latest and most improved construction^ (which, however, 
differed not materially from that described in the Treatise on 
Optical Instruments, except in having a double field-glass,) 
and can, 1 think, be positive that both the chrotnaUc and 
^haied aberroHm of o^ecUve jtaH was viholly un- 
tuveked, and that the eye^eee, eonMing of four gUm», loas 
achromalic* . Nothing can surpass the beauty of the field of 
this microscope but if I may be allowed the expression, not- 

* I hope I shall be eicnsed for qaoting a part of a aols to the first 
tract I wrote on the Amicien refiecting engiscope ; in which I have In a 
manner dwsribtd Mr, C.'« iiutrumaa brfarOiawil, as the said note was pab- 
Uihfd in 1896| before his work and nicxeecope were introduced Io poUie 
notice 

" I cannot here refrain from protesting against those prepeeteroos ac- 
cumulatiOMi of eye-glasses which we find in the best common compound 
microscopes (as they are called). It would appear tbat the worthy 
glaziers, who preside over the destinies of these unfortunate instruments, 
have not yet discovered the right end of a microscope from the wrong 
one ; at least they have vented their rago for >rapioveiueiit euiueiy on the 
eye-piece ; having first doubled the anterior eye-glass, then tripled it, and 
finalijr interposed a hody-glass of long focns between the field-glass and 
object glass (making the eye.pieee to con^st, in fact, of fivSk lenses) ^ 
they sit down eontentded with their large flat field of view* and imagine 
they have arrived at the very eitnam verge of perfection. The object- 
glass is allowed to remain a pilifal double convex tens, being» I soppose, 
either above or below their art*** 
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withstanding its extent and flatuefls, nothing more can be made 

to grow in it tlian in that of any ordinary compound micros- 
cope having a weli-figured object-glass of the same power and 
angular aperture, used with an Huyghenian eye-piece also of 
equal power with that applied to the iDstrument in question. 

The dispersive and spherical error of small lenses is nn- 
donbtedly small, as I have frequently remarked, but it is not 
insensible^ even with a very small aperture, to thude who kn()\v 
how and where to look for it. Some persons see it at the 
first glance ; others, only if it is pointed out to them ; and 
some not at all, if it happens to contradict tiieir hypothetical 
assumptions and preconceived opinions ; for there is no blinds 
ness greater than that (generated not in the organ of siglit, 
but in the mind which receives its impressions. We are, in- 
deed, so accustomed to tolerate aberration in microscopes, tliat 
it frequently is unable to stimulate oar senses. 

Now I shall not condescend to discuss the point whether it 
is right or not to correct the dispersion even of small lenses 
and object-glasses : but hoio is it to be done b\i an achromaLlc 
eye-pit'ce / as in the case of Mr. C.'s microscope. If a man 
chooses to tell me that those little rainbows and fringes of 
colour which appear in objects viewed by chromatic instru- 
ments, are, in his opinion, highly ornamental, and not at all 
injurious to vision, I can only say I wish him a better taste. 

If people like to eat dirt , tlit y nliall meet with iid opposition 
from me : much good may it do them. 

The ouly case, I think, in which colour can be said to be cor- 
rected by an eye-piece, is when an object-glass, over-corrected 
for colour, is made to act with a chromatic eye-piece, as I have, 
indeed, before stated : having once caused the object-glass of 
an engiscope to be over-corrected, because it was iu act with 
an erecting eye-piece of the ordinary construction, the bene- 
ficial eifeci of this arrangement was very sensible, and it might 
either be said that the eyepiece corrected the object-glass, or 
the object-glass the eye-piece. I am of opinion thai thongh it 
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would be biglily advisable to get rid of the chromattc aber- 
ration of simple and compoond mai^nifiers, it is not safficient 
to produce any real detriment to vision, nnless with exceed- 
ingly minute and delicate objects, beyond that of giving a 
falM colouring, especially^ if oblique lighi is nsed. This, 
however^ we soon learn to allow for ; it is, moreover^ con- 
siderably concealed by their spherical aberration. 

As to the spliericiil aberratiDii of object-glasses and-metals, 
inasmuch as it is sensible tu vision, I am persuaded, irom 
reiterated experiments, that the power which an eye-piece pos- 
sesses of modifying or altering it is exceedingly feeble, at all 
events. A case, however, in which I can be positive that it 
does actually correct it, is that oi the Grc*^oriaii telescope, in 
which, if the primary metal is very nearly right in point of 
figure — ^foT example, a little too much inclined to be spherical 
or paiabolical"the error may be corrected by giving the se- 
condary- one an hyperbolical figure. Moreover, in the Gassa- 
granian telescope, it is well known that the aberration of the 
two metals (supposing theiu to be both spherical) is equal to 
the difference between the aberration of the convex and the 
concave, which is a clear proof that an eye-piece may correct 
to a certain extent, where a secondary image, is fanned, (for 
I consider the small metals and eye-*^lasscs of the Gregorian 
and Cassagranian telescopes in their combined action, as 
neither more nor less than eye-pieces*, which operate by form- 
ing a secondary image, like the erecting ones of common spy- 
glasses). I should, moreover, conceive that the same con- 
ditions would occur, if achromatic glasses of similar construc- 
tion and eHect, and^ in equivalent states of correction, were 
substituted for the metals of the Gregorian and Cassagranian 
telescopes, and made to operate against each other on the 
same principle^. I have in vain endeavoured to find an in- 

* An sqi^vertiDg eye-piece for either telescopes or engiicopea nay be 
fonned of a omieave lene* in place of the two first glasses of an erecting 
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veifting eye-piece of the ordintny eonslructhn, which would 
exert an influeiu e over tlie state of spherical aberration of the 
object-glasses and metals of engiscopes^ tulien no secondary 
ifnage was fonnetL My wa of jud^ng was to form an arti- 
ficial star by their unassisted operation as magnifiers in a solar 
opaque microscope^ making die posterior conjugate focus to 
be of the same length as in an engtscope, that is, eight or nine 
inches; and having carefullv examined the state of aberration 
in the picture, I then have attempted to modify it (when formed . 
at the field-bar of an engtscope) , by various eye* glasses, but 
so far as my eyes are capable of affording a criterion, 1 never 
succeeded in any degree : the image appeared as intractable 
as a picture formed by human hands, and remained Inflexible 
both in its defects and excellencies, whatever they mi^rht be : 
the various eye-pieces I employed gave a better or worse field 
of yiew, were or were not achromatic, &c., as regarded their 
^ iMrinnc cpenUi^: for e»>npl., they might giTe Ae 
oblique pencil in a better or worse state; but if the said 
oblique pencil came in a confused or distorted state from the 
object-glass, I never could in.ike tliem improve it. At the 
same time I think it proper to observe, that 1 never tried 
thoroughly the effect of positive over-corrected achromatic eye- 
pieces. 

All these experiments, however, have convinced me that a 

compensation for spherical aberration cannot take place upon 
the totality ot" an crectin<:; eye-piece or engiscope, nnleSiS Loth 
the objective and ocular part have a separate correction, for 
they cannot correct each other. I therefore believe that Messrs. 
0, and Co*'s nostrums for the cure of this evil are just as 

one, combined with an Huygheoiaa eye-piece, which I consider an eqoi* 
valent to the concave metal of a Castagrsnian acting along witb its 
proper eye-piece, and capable of exerting a tinailsr actMm on the primary 
object, metal or glass ; Aat is, of redaciDg iu aberration m the ratio of 
the eootfary aberratuNi of the concave lens. 
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good as those for cbromatio abenation. — Vide p. 168 and 179 

of the Treatise on Ihe Refraction and Reflection of Light, 

X iiere give the constructioo of an erecting eye-piece or en> 
giscope, wliich is both achromatic and aplanatic^ to an apertuie 
of about 37% and having, moreover, a reasonable good cor- 
rection of the oblique penciL 

Let there betvro acfaromatie lensei of anitablefoeal length to 
give tlie required |)n\ver, and let the anterior or first glass have 
its focus about halt the length of the second : a stop may 
be placed between them in the soUr focas of the firat, to 
leguiate ita apertnre, if necessary : to these let an Huygbe- 
nian eye-piece be applied at a convenient distamce. It is not 
necessary that either of the lenses should be perfect in itself ; 
they may be framed so as mutually to correct each other's 
aberrations, both spherical and chromatic. If they have their 
internal curves in contact, and are cemented together, there 
will be no sensible loss of light in this eye-piece beyond that 
in the ordinary ones; and in this ease also the correction for 
the spherical aberration may take place in Mr. Lister's method, 
which will considerably f;i( ilit ate their conatnirtion. 

X have already stated that I consider the ordinary erecting 
eye-piece sufficiently perfeet for practical purposes ; but I think 
it would be a great improvement on spy-glasses if they could 
be shortened nearly one-half, so that they should be easily held 
and directed by the hand, when charged with a power of thirty 
or forty. 1 think an object-glass of two inches and a half, or 
three inches aperture, does as much upon terre^itrial objects, 
at least t n th9 day4me^ as any other ; the focal length of which 
is generally not less than thirty or thirty-six inches, which ren- 
ders the glass too long to be easily used without a stand. If 
the focal length was reduced to fifteen inches, the angular 
aperture would thereby be doubled, and with it tlie defining 
power also (provided it could be perfectly executed). In this 
case the erecting eye-piece I have given would be indispen* 
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nble, for the colour of an ordinary one would become very 
.flensible. 

Trading opticians may not mach retish my fecommenda- 
tions^ bat I say, and will maintain, that tenrestrial telescopes 
win not liave receiyed^their finishing touchy or have arrived at 

their ne plus ultra of perfection, until their becondary image 
is just as perfect as their iirst^ aiid it can only be rendered so 
by being formed by regular achromatic glasses. Moreover, 
when we apply an erecting ey»|iiece to the object-^ass of an 
•engiscope, so as to obtain a low power, and for that end 
thrust it far into the body, so as to approach very near to the 
object-glass, (in which case what I shall call the posterior angle 
of aperture becomes considerable,) a truly achromatic construc- 
tion is also highly requisite. 

A positive inverting achromatic eye-piece for astnmomieal 
telescopes^ or for engiscopes used with micrometers, may be 
made of two double achromatic glasses, having their convex 
lenses next the eye, with a certain interval between them, for 
the purpose of improving the oblique pencil. They may be 
either achromatic and aplanatic in themselves, or by mutual 
correction, and their foci nmy be varied at pleasure, provided 
that of the second or field-glass is not shorter than that of the 
6rst. I am sorry to say that I have not been able to procure 
any (oinbi nation which gives so flat a field of view as T could 
wish, consistent with perfect distinctness. If it is thought 
worth while to obtain a large field at the expense of centrical 
perspicuity, we have only to reverse the position of the glasses, 
and that purpose wfll be accomplished. 

It only remains for me to say somewhat about oblique pen- 
cils ; they are very much mistaken who suppose that they 
have not received quite as much consideration as they deserve 
from those who have interested themselves of late in the im- 
provement of the microscope. It is well known to every man 
practically acquainted with optics, and ought to be much 
better by those who know the science theoretically, that in ail 



Digitized by Google 



1&4 



TRB WCHOOftAPllIA. 



construcuoQS whatsoever there is a perpetual system of gaiu" 
tag advatitagei in one directum, and io$ing them in another^ 
just as m roeehanics, — ^wiiat is gaiped in power is lost in time, 
&c. It is not permitted to man, assisted by the most power- 
ful ajialysis, to combine together ever\^ advantaiie lie may 
desire: be muat content himself nith what is ailainable, ac- 
cording to the laws of the refraction acd reflexion of light. 1 
have ever fomd that all those constracdoDs which give a very- 
large angle of apertnre^ combined with great distinctness* 
invariably produce what is called a bad field of view ; that is 
to 8ay, the vision is only perfect in the centre. In rrfracting 
instruments a good deal may be dune by combmiug several 
objectpglasses together^ more especially if they have intervals 
between them, (which, however, produce great inconvenience, 
by shortening the anterior conjugate focus, and thus preduding 
the use of high powers). As the action of metals is very sim- 
ple iti comparison to that of lenses, I shall give an ^lustration 
of the mischief occasioned by what is called improving the 
oblique pencil in the Amician reflecting microscope. It must 
be evident^ that as the angular aperture is increased, the error 
of the oblique pencil must also be augmented, for it will come 
more and more ol iliqiie ; now Mr, C. has actually recommended 
opticians to render the concave metals of the aforesaid instru- 
ment spherical, because in this case every pencil becomes eqaa- 
liaed, and may be said to be equally bad or good, distinct or in- 
distittct, throughout the whole field of view, though, so far as the 
objective part of the instrument is concerned, the whole instru- 
ment becomes utterly worthless, if tliis figure is adopted. 
They who work the metals of this instrument well know what 
infinite pains tliey have to get rid of this spherical figure, and 
to attain the true one*; and that when they have done so, 

* I have known Mr. Cutbbert to have been emj^furied a uhale vcpk in 
getting rid of Jwilung but the spherical error of one ol his metals of 3-iOths 
of an inch focus and the same aperture, and not able to succeed at ail in 
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ike poiiU is effected at the erpenett of a eeritnn want of per' 
spicuifi/ about (he edg-es of Lkt Jlcld of view, which is altogether 
irremedtabLe with low powers, which take in a large portion 
of the margiiuU part of the image. 

If Giegoriaai and other felescopea^ baring a large angular 
aperture, are charged with a low power^ the same defect ia 
also very perceptible in them. 

The Newtonian and Herschelian telescope.s havinj^; very 
amall an<^1pH of aperture^ will admit of concave metals with 
spherical figures, because in this case the aberration occa- 
sioned by such a figure will be quite insensible. I do not, 
however, believe it possible to preserve a perfect spherical 
fitriire in metals having very small angles of aperture : for, in 
the process of polishing, it is sure to pass into the parabola 
at least, if it does not get beyond it, in spite of the utmost 
efforts of the workman. AH that 1 ever examined are in the 
predicament of inclining to a hyperbolical figure^ instead of a 
spherical one. 

Of a piece with the performance of a spherical metal is 
that of a globular or bird's eye object-glass, which is con- 
sidered to produce an excellent correction of the oblique 
pencils, because they come exactly like the centrical ones, 
which are utterly uncorrected, for the aberration of a sphere 
is to all outward dt nionstration much the same as that of 
an equi-convex lens, and requires as strong a concave to cor- 
rect it. 

When die omnipotence of analysis shall point out some 
truly achromatic and apUmatic construciion, Ufhieh wiU gwe 
an ehli(fue 'pencil as perfect as a centrical one, then will the 
labours of iiiatiicniaticians have assumed a proper direction. 
At present I am afraid they have been hallooing before they 
are out of the wood. 1 trust, however, that the time will 

certain states of the weather, supposing always that a perfect figure wai> 
to be combined with a perfect polish* 
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come when tlie fubject (whicli Beems to me both nsefal and 

important) will be taken up in (lit* right point of view, or it 
will be likely to remain a staudiug oppiobriuin malhemaii- 
corum. 

It is quite plain that compound microscopes and erecting 
eye-pieces axe only part and parcel of the subject of teles- 
copes, and worfhy of the same attention. Nothing which 

roucerns the exact sciences can in niy opinion be frivolous 
or unimportant: a mere subtlety or conundrum having the 
charm of exactitude about it, must always be respectable, 
although it may be of no apparent utility. 

1 shall leave it to others to judge how far the subject of 
microscopes is insignificant, or easily discussed ; and I should 
recommend those who consider it theoretically, in luture not 
to disdain to receive every assistance which expencnce am) 
practical men can give them, before tbey embark in it ^'oul 
of nght^ like Pantagmel and bis companions in quest of the 
oracle of the bottle ; and to remember the Lapntan tailor, who 
being too great a mathematician to avail himself of any of the 
practical implnnents ot uiensuration belonging to his trade liere 
in Europe, and working entirely by analysis, always sent home 
his customers' clothes damnably iU made at all points. It was 
in vain that he swore» down their throats, that their clothes 
ffMcif be well made, and were so, for he could not err in his 
calculations^ &c. ; he wai only answered by derision, slaps on 
the chops, and kicks on tlie breach. 

If we examine into the amount of the obligations opti- 
cians and optical instruments have derived from the science 
of mathematics, we shall find them fewer and less onerous 
than we might expect. Sir I. Newton certainly preconceived 
the possibility of correcting the chromatic aberration of lenses 
by the opposite refraction of a concave medium of greater 
density ; but this discovery would have been of small use, if 
the spherical aberration could not have been corrected by the 
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lame means : which was an idea which does not seem to have 
Bfruck biiD, but was excogitated by a pnctical man^ the elder 
DoUond, who Beema to have made excellent telescopes long 
before any theory was in existence tnfficientLy correct for an 

eptlciaii to work by. 

The late Charles TuUey^ (certainly one of the first opticians 
of his day) assured me^ that he never could find any theory^ 
English or foreign^ by which a reaUy good iducope conld be 
made^; all the calcnlationB of carves he ever saw being 
more or less inexact, and requiring after comefion by trial, 
before an instrument made according to them could be per- 
fected. The best he ever met with are those of Sir J. Herschel, 
bat these are faulty, and have too much aberration in the 
concaveSt which he was obliged to reduce before he could 
make a perfect mstrament by them. To Sir J. however, we 
are much indebted for some excellent aplanatic combinations 
for eye-pie( cs ajul magniiiers, wiucii £>eem to leave nothing to 
be wished for or desired. 

The Huyghenian eye-piece, a most valuable invention, was 
partly the result of experiments ; Huyghens havuig purposed 
only to correct the spherical aberration of an eye-piece by 
his combination, which waa afterwards found to be capable of 
correcting the rliromatic also. 

It cannot be denied, moreover, that we have been favoured 
with many excellent theorems and recipes for correcting the 
distortion produced by lenses, and obtamiog what is called a 
good flat field of view : this is a subject on which the mathe- 
maticians have been more soccessful than any other. To them 
we likewise are indebted for the knowledge of the vahie of 
the aberrations of lenses of different figures, according to the 

• The article Teleacope, in Rees's Cyclopaedia, was written by Dr. 
Pearson, but the materiel was furnished by C. Tulley. It shews how 
telescopes actually are made, and may b« perfectly leiieii on, by Uie 
artist. 
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leliractive and diap&me powen of the substances of wbieh 
they are niade^ Ace* 

We have seen what theory has done for us in the case of 
erecting eye-pieces aud tugiscopes, &c. With respect to 
achromatic object-glasses for diyerging rays, £uler has re- 
eoBuoended ns to levetse those of a triple object-glass made 
Ml a small scale— « wietehed eipedient^ ifUch will never 
make a good instrument Ptobably in the conrse of about 
another century^ long after the said object-glasses have hetti 
perfected by practical men^ some pompous analyst will arise, 
who will backk on some sort of sem^ezact theory to them. 

C* ft* O* 
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ILLUSTRATIONS OF THE ALTERATIONS 

mmvCED 1» THE VISION OF CBETAIN MICROSOOPIC OJUfiCTS, 
JBT USnro INSTRUMBNTS HAVINO VARIOUS AMGLB8 OV 
APERTURB^ BUT A FIXED POWER, 



Mr. J. Murray^ of Albemarle-street, having;, with the consent 
of Mr. firande, allowed Mr. Fritchard the use of a plate for- 
merly published in the 33d vol. of the Journal of the Royal 

Institution^ with a paper of mine on Achromatic Objectives 
and Test Objects, 1 siiall take advatitai^c of the liberality and 
kindness of these gentlemen to present to the public a few 
illustrations of the said plate^ as I have never written any 
thing on the subject of the present tract^ except in the afore- 
said paper. I must observe that when it was published^ 
Achrdiiuitic (ibjectivca were quite m their infancy, the podura 
was unknown^ and the diagonal lines on the brassica were 
undiscovered ; nevertheless, with proper allowances on these 
points^ the said plate will serve my purpose indigently 
welL 

As the subject is now pretty generally understood by the 
observers of the present day, I shall be brief in what I say, 
which must be understood as adapted to the calibre ol tiic 
rising generation^ and those readers who have not yet made 
microscopic science their study. 
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Fig. 1 is a very tolerable repreeentatioii of an excellent and 
very beautifiil test, a feather from the wing of Morpho Me- 

nelaiis^ (being' the first objert iri wliich I observed the very 
remarkable property of the lines as tests), as shewn by a triple 
object- glafls of 2«10ths of an inch focus^ and l-lOth of an 
inch of aperture^ or 27J<*. Hie cross stris are not so mt* 
merous as they appear^ when the object is iUuminated ex- 
pressly for the purpose of shewing them, when> indeed, it 
appears like a piece of brick-work ; but in this case the longi- 
tudioal lines are rendered much fainter^ therefore a kind of 
medinm illnnuoation was employed. 

The seven circular discs are suppoiwd to poortray a small 
portion of the said scale, seen with an object-glass of half an 
inch aperture, and 9-10th8* of an inch focus, used with a ne- 
gative eye-piece of l-4th of an inch, and having five different 
circlets or stops applied to it, so as to cause its aperture to 
vary from 1-lOth of an inch (the usual aperture given to a lens 
of that focus in the old compound microscopes) up to half an 
inch^ by a gradual increase of the sise of the peiforation of 
the stop. 

Disc No. I, Aperture I-lOtL — The scale appears quite dark 
all over; not a vestige of its lines is visible; even its blue . 
colour is scarcely perceptible. 

No. 2, Aperture 3>20th. — Very little improvement; the 
colour is lighter, the blueish tint more apparent ; we may 
contrive, by looking with all our roighl and main, to fancy 
we see some indications of lines, or rather scratches. 

No. 26, Fig* IV.^Aperture l-5th of an inch, colour lighter 
and brighter; tiaces of irregular scratches are now clearly- 
perceptible here and there : peradventure we shall see what 
we shall see, by atul I)y, as the Mussulmans say. 

No. 28, Aperture 3-lUtlis of an inch. — Land begins to be 

* Fig. 13 represents the curtet tif this object>glass« but of twice their 
real radiuai for the sake of nieater aceunuiy. 
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Men from the mast head : « piactised eye will now recognise 
tlie nascent Unes^ bat they seem like en aggregation of dots^ 
and are interrupted and broken: the spaces between tihem 
are still very dark. 

No. 3, Aperture 4-lOths of au incli. — The lines are at length 
resolved, but not fairly ; they are very faint, and seem ragged, 
as if still composed of dots and points, bat more closely eon- 
glomerated than before : the spaces between them are still far 
too dark. 

No. 4, Aperture 5-lOtliH, or witliout a stop. — ^The lines are 
as much resolved as they can be by an object-glass of so long 
a focus. They now appear in their tnie character, that is, 
pretty fairly drawn as if by a pencil of deep black lead on 
tolerably white paper, or, more correctly speaking, by a psn 
with some blue pigment on light violet-coloured paper; for 
their bluish tint is now abunddiilly luanilest. 

No, 5, Aperture naked as before, but the object turned 
one quarter round, in order to permit the illumination to 
operate on the cross strim,N which now become perceptible, 
though as a minimttm visible, being by no means shewn so 
strong as in the plate : if the observer should not have seen 
them before with a deeper object-glass, he might be expected 
to consider their existence very dubious. 

Such are the effects of various apertures on the object in 
question, die power remaining the same. For the information 
of such as are but young in these matters^ it behoves me to 
remark that, with so small an aperture, as 27^", not one of 
the phenomena I have mentioned imll be seen at all, unless 
the iUuminaiion is ohliqws» Vide Figs. IE. and III. shewing 
a plan and elevation of the lelattve situation of the object, 
and of the taper employed to shew it, when the illnmiDation is 
conducted in a proper matmer. If, however, the aperture is 
very large, and the object-glass deep, then the lines and cross 
striae will be developed any how, or in spite of the most direct 
light which can be used, and this witb a moderate power. 
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Fig». V« VL yiL m exampki of tests wliioh ara infi^ 
flible with 87|* of apertnto, tYea. when aniited with the most 
fkrounble light, and the ^atest amplifying power: the 
regular microscopist will probalily recognise in them the 
pierU hrassica, two specimens of feathers from the clothes 
motb^ and the scales of the diamond beetle (which are sup- 
posed to be here shewn as tiansparent objects): the minimum 
Off anguhur aperture diey require is about 36|% consequently 
they can scarcely be shewn by any single object-glass. 

Fig. V. is, of all other objects, that best adapted for a test, on 
account of its singular uniformity of structure. Mr. Pond, our 
late worthy astronosser royal, has noticed a remarkable feature 
m it, which is, that it is sure to be invariahfy of the jams 
length ; now I suppose if we were to collect all the leaves from 
any tree whatever, we should scarcely find two of them exactly of 
the same length, when subjected to strict micrometical measure- 
ment : and I think the same would hold good with respect to 
the scales of almost any other insect, and indeed to the other 
scales of the brassica also ; I mean those not of the particular 
character here alluded to. 

The effects of various apertures on the markiogs of this 
capital test are as follows* : — Up to 27 J% either in glass or 
metal^ nothing can be observed about it totM ceriainitf ; its 
surface appearing so nearly uniform, that no one who saw it 
for the first time, and did not know there actually were lines 
or markings upon it, would suspect their existence, whatever 
power may be employed. Between U7i* and 36jl° £unt glim- 

* In this, a» in aii other cases, I always suppose the power used to be 
equivaleDt to the manifestation of the hnes or markings, that is, inasmuch 
as a certain power is necessary to render the human eye capable of dis- 
cerning them ; but the object of this paper ia to impress on the mind of 
the reader the effect of aperture^ or, what Is Ibe same thing under anotber 
aamSr fmMfratii^ jwiMr at diitjncf ,/fi0m magnifying pouifr ; which latter is 
no doabt aUe to accorapliah a great deal, hut aeier cea sapplj die piece 
of alofje «tmel pencil of tight, whidi, ae it ie the vHiaiale dBwt of a large 
apeitnie> is saathcx tam nsaily wgnaajmow with it* 
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mcrings of muka of §om» kind begin to manifeit tlienuelTes ; 
with 36}* lines of a ragt^ed, broken, uneven contour, are 

plainly seen, as well as cross stria? : if the objective is a metal 
of good figure, a few oblique lineR will also be develope<^. « 

If the apertnre ia above ^lb^% and approaches to 65** in 
glasSf (whether in achromatic engtseopes, componnd mag* 
nifiers, or simple ones), the lines will be more strongly made 
out, bat will appear to consist of an aggregation oi points . 
the cross striae wUi be shown closely packed together all over 
Ae scale, and occasionally a few obliqne lines will be faintly 
exhibited : if the apertnre is as mach as 60* or 70% and the 
object-glass or magnifier at the same time very deep^ nothing 
but a tissue of dots and points will appear, occupying the site 
of the longitudinal lint s. 

The effect of 55^*^ of aperture in a well-figured metal of 
3-lOths focus, is very different : the lines and cross stvise will 
not in this case be resolved into dots or points, bat will appear 
in, what I suppose to be, their proper character ; and Ae two 
sets of diagonal lines will be shewn with a force and effect 
which will leave no doubt of their existence in the mind of a 
candid observer ; the vaiions lines, the longitudinal, the cross 
striae, and the two sets of diagonah, being all observable, 
mueettively, by a slight change of the illumination, though 
we can rarely see two of the systems well at the same instant. 

JBeiiig aware that the invidious would be likely to assert 
lhat the scales and feathers of insects were objects stci generit, 
and that it was of little consequence whether microscopes and 
engiscopes, devoted to the examination of other objects, would 
shew them or not, I from the beginning associated others with 
them, which no naturalist can pretend to assert should not be 
properly rxliibited by all instruments fit for philosophical in- 
vestigation of the minntiss of nature. Accordingly, fig. 9 is a 
bat^s hair shewn as an opagtie object; fig. 10 (a), a ki^ 
moose hair, shewn aa an opaque object also; and fig. 12, a 
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fly^s foot ; (6) fig, 10 is a small mouse hair, seea as a trans- 
parent object^ fig, S, the fragment of a leaf of the specieB of the 
VQ88 hypnimi. 

• Now none of these can hare their minntis properly shewn 
without an aperture of 27^,** perfectly free from aberration'*; 
and indeed^ if the aperture much greater, it will be found 
Tastly acceptable, by focihtating vision. The bat*8 hair snffi* 
dently explains itself ; the Isige monse hair has pits in it, just 
like the interior of a tea-cup, and which ought to be made out 
as distinctly : the small mouse hair fwhich is shewn bv trans- 
mitted light) has fine longitudinal lines connecting its joints, 
which are the most difficnlt parts to develop. The hypnum 
should have all its component lozenges distinctly made out : 
object-glasses will frequently vhewtha Menelaus, and other 
jiiu'd objects of a simihir class, and yet not define these : re- 
flectors are apt to boggle at them. I may observe that Mr, 
Pond has discovered, (by using object-glasses and lenses of 
very large aperture and high power), that what I have termed 
the loisenges of the hypnum are, in &ct, hexagons, having two 
opposite sides longer than Uie rest. 

The fly's foot has the following notabiiia about it : — the lines 
on the hairs about the ancle at {b b b 6 6); tlie scales on the 
pastern (c c) ; the grooves on its claws (a) ; the white points 
(d dy on the soles of its feet, and the fine fringe (e ^, which 
snrrounds them. 

As to the said drawing of the fly's foot, it is a wretched 
affair ; because the said foot was fastened to a black cyhnder 
with gum, and thereby sadly distorted, one of the claws being 
entirely sunk and invisible in the gum, yet it happens to shew 
all the mhnitisB pretty well. Copper-plate engraving is not at 
all adapted to exhibit this object well ; a wood-cnt does much 

* This is a condition which I always suppose associated with npf r. 
turc ; as without it ih( mere opening out of a glass to a large diameter 
«Uies as much harm as good. 
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better : and in the succeeding volume (the first of the new 
Series of tbe Joainal of the Aoyal Institution), the reader wiH 
see one which gives a better idea of it.* 

Now^ in order to illustrate my position about the value of 

aperture, in e\iiibitin<j so very ordinary an object — the loot of 
a common blue-bottle liy— I hope it will not give offence if I 
refer the reader to the celebrated Bauer's drawings of the same 
object, in the Transactions of the Royal Society for 1816, 
p. 146, belonging to a paper, entitled, ^ Some Account of the 
Feet of Animals whose progressive motion can be carried on in 
opposition to Gravity," by Sir E. Home; in which all the 
minutiae I have detailed are totally passed orcr. In the v^ide 
world, where shall we find an artist who can delineate objects 
so beautifully and so faithfully as Bauer ? What is the reason* 
then, that he' has committed so many sins of omission in this 
particular instance? I answer^ that the fault lay not with him, 
but with the instrument he used, which, tliouoh it might be one 
of the best which could be procured at the time he made the 
drawings in question (at which period achromatic 'Objectives 
were unknown), wanted the penetrating power or aperture ne- 
cessary to develop this object Mr. B. drew exactly what he 
could see with certainty — nothing more or less, as was his 
bounden duty. 

Why have I, in my drawings of Oie wheel animalcule, in tiie 

* I have forgot which of tbe fly's feet I have drawn.; they differ con- 
siJerably from each other ; but I think this was a bind foot. I have been 
told more tban once that my drawing is unfaitbful, because all the m'mutict 
I have represented can never be seen at once, as in the drawing. What could 1 
do? This object requires a power of l-oOili inch for its dt'velopment : as 
its surface is quite uneven, only a point can be in focus at once, or per- 
fectly exhibited. Ought I to have made twenty drawings of it to shew 
it just as it appeared at every diO'erent adjutttmeut of the focus of the in- 
itmnwnt? Thetrse way to draw it is tmeHy to represent it just as it 
would have appeared bad it been of the size of tbe drawing;, and seen as 
ezdinary objects are— a cat's paw, for essmple ; i. «. without any instm- 
meat, or magnifying power at all« 
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" Cabinet," omitted to give the eyes, and a variety of other 
miuutia) flince discovered in that animal ? I answer^ I had 
nothing but oncombined triple object-glaAses to use, which, 
tboQgh they wm fine thingf in their day, were ntteily iafe- 
rior in penetntug power to the triple ■ysteme of double ftduro- 
mattcf now made. I drew just what I coald eee, nodung 
more or h-ss. 

To what are we to attribute the antcfunding diacoveries of 
Profeeeor Von Ehrenberg^ in the organization of the InloBonty 
in comparieon with which all other microscopic rcTelaiions 
eeem to ibrink into insignificance, even thoie of Leeuwenhoek 

(supposing them to be correct) ? 

That creatures generated without a?i}/ primitive organic sub- 
stance, and so minute that we were formerly content to see 
little more than their outline, and many of which were sup- 
posed to be M simple in their structure as an hydatid, should 
be found to possess all the essential organs of the larger ani* 
rooU, and to he as pt rfect in their kind — to have the details of 
their whole auatouiical structure laid open to us in so satis* 
factory a manner that we cannot entertain a doubt of their ac- 
curacy*— must be allowed to reflect eternal honour on the 
modem improvements on engiscopes ; no less than on the skill, 
perseverance, aiul pi ujuund talent lor microscopical and ana- 
tomical invest i£;ation, possessed by him who wielded their 
energies. Professor Von £. could not, I think (had he pos- 
sessed no better tools to work with than the old microscopes), 
have succeeded in unravelling the construction of the Infusoria, 
however great the resources of liis splendid geniuii maybe: a 
good workman, it is said, never quarrels with his tools ; but 
the subjects he had to work upon are totally invisible with in- 

• Vide Organization, in der Riclitung dea Kieinsten ilaumes. Pritfer 
Beitrag. Vou C. G. Ehrenberg: Berlin, 18S4. Also, the JEkliaburgh 
i\cw Thilosophical Joaiaal, for January 1836, p. 4S. 
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struments which do not possess enormous penetrating pnw t r, 
combined with the requisite amplification ; therefore, when we 
compare the iUustrioos PirofesBor's drawings of the Infiuona 
with those of the same objects by MiiUer and the earlier ob 
serrers, we are presented with a very fair illustration (making 
an allowance tor the effects of colouring matter introduced 
in the systems of the animalcules) of the diiference in vision 
prodnced by large and small aperiwes ; for in the article of 
MOgn^f^tii^ power, the old instrnments were quite equal to 
Ihose of the present day. 

0» R. G. 
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ON THE 

CM)NSTRUCnON AND BfANAGEMENT 

OP 

SOLAR AND OXY-H YDEOOEN GAS MICROSCOP£S, &c.« 



Tbb opimoDs respecting the apparent magnitude of liodies 
leeo through optical instruments in general, are so eonflicting, 

and often deviate so widely from the truth, that it is of great im- 
portauce to be enabled to have recourse to any plan by w hich 
their admeasnrements can be accurately detennined« With 
the solar and gas microscopes, whose sereial properties I 
propose to consider, a method of doing this is readily sup- 
plied : for^ by the contrivance of a screen, npon which the 
images or pictures of objects are formed, their siiperficial con- 
tents may be ascertained with the same precision as if they 
were the real objects themselves. In this respect, therefore, 
we have a remedy against those optical deceptions in the ap- 
pearance of things, which frequently occasion no inconsidet^ 
able mcuuvenience to an observer. Nor is this facility of com- 

* This Tract was originally intmded to have preceded Chap. IV. ; but 
it was found nune convonioDt to place Dr* Goring's papers togetlier, as 
hispioofo had to lie sant to North Devon lor comctioo, and thSengiaver 
had not then oomptoied the wood^cuts. 
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puting comctiy how much an object is magnified the only ad- 
vantage peculiar to them ; for, with theae and aimilar inatni* 
ments^a number of persona can view a living object at the same 

instant of time, and remark upon its particular organization, 
functions^ and habits^ with great exactness, and satisfaction to 
themselves and to one another. The force of this observation 
will be sufficiently manifest, if we reflect that most diminutive 
living objects are constantly in motion, and that with the table 
miscroscope or engiscope^ before a second observer can possi- 
bly note any peculiarity iiitntioned by the first, the creatine 
will most probably have changed its position, and the part to 
which his attention was especially directed may be entirely 
concealed from his view. Persons of weak sight, who are un- 
accustomed to look through a table microscope, (for it does not 
occur to those who are well versed in tliese matters,) some- 
times experience a little fatigue from the eye being intently 
fixed for any considerable time npon the same object, and sub- 
jected to the stimulating action of the intense light often 
thrown upon it for its illumination. The inconvenience arising 
from tlii^ does not apply to the solar and gas microscopes, the 
absence of which may therefore be enumerated very fairly 
among the advantages peculiar to them. 

For the invention of the solar microscope we stand indebted 
to the good genius of Dr. Lederkhun, who, about the year 
1738, contrived an apparatus, by means of which a distinct 
rthtiiiblance of a magnified object, strongly illuiuiDated by the 
condensed rays of the sun, (hence its denomination tohtr 
nticTOBCope^ was thrown upon a white screen, and rendered 
visible to any number of persons conveniently placed in a dark> 
enedroom. To this gentleman's ingenuity we owe the valu- 
able application, also, of the concave silver speculum, for con- 
centrating the light upon opaque objects viewed through the 
table engiscope, as well as other improvements in that instm- 
ment About the year 1774, Benjamin Martm published hia 
description of the solar microscope, and its use in examining 
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opaque objects; subsfqnent to which, it underwent various^ 
fikili'ul alterations in the iiaocb of Messrs. Cuti and Adams^ the 
latter of whom has given us a very mittote account of the in- 
ftnmient^ with drainiigp, in bis quarto woik on the Microacope^ 
pobUBhed in tbe year 1787,— omitting^ however^ it may be 
remarked^ every particular reepecting its optical constmctioii. 
Since that time it has remained, until lately, quite stationary ; 
and no practical woriL whatever has been written upon the 
subject. 

In all the solar mteroseopes hitherto described, the optical 
part consists of a simple convex lens placed between the object 
(at a litde more than its sidereal focal distance from it) and the 

screen upon which the image ib designed to be thrown : hence 
it necessarily follows that they all have a considerable quan- 
tity of aberration, arising both from the figure of the lens, and 
the chromatic dispersion of the light. The former of these de- 
fects Dr. Robison in a great de^ee remedied, by subttitating 
Ramsden's eye- piece in the place of the common lens ; and Dr. 
Goring, by the apphcation of achromatic lenses to the instru- 
ment, may be said to have effectually corrected U^em both\ 

The ozy-hydrogen microscope^ so attractingiy exhibited in 
the present day, and unquestionably meriting all the encourage- 
ment that can possibly be bestowed upon it by the promoters 
of rational instruction, may be defined to be a mere modifica- 
tion of the solar, adapted to receive, and employ to the <Treat- 
est advantage, the rays of an artilicial light diver gmg from a 
central point, instead of the parallel rays firom the sun. In 
the year 1824, Br. Birkbeck delivered two lectures on optical 
instruments at the London Mechanics' Institution ; in one of 
which he took occasion to delineate on a screen, by means of 

* Mr. ]^( njamin Martin mentions in his works the adaptation of achro* 
matic lens. :«; ro the solar microscope j but not being acquainted with the 
value of angular apertnre, he only gave them the same ae was usual with 
common lenses ; hence they were laid aside as no better than the latter, 
and ma} jubily be sud to be re-invented. 
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a large magic huitern, lepTeaeiitetioiit ol* magnified objeots ia<* 

tensely illuminated by the light emitted daring the eombnetion 
of lime by hydrogen aud oxygen gases^, aud to indicate the 
practicability of applying successfully this method of illuipina- 
tion to the microscope. I would not omit^ however, to men- 
tion, ihaty about the same time^ Mn Woodward inatitated some 
experiments willi tbe pbantasmagoriay wliere tbe %1it was ob- 
tained in the same way-]-. In the interval between Aat' 
and the present time, various amateurs and artists have studi- 
ously exercised their talents iu perfecting the several parts of 
the instrument, which, like the solar, assumes its name from 
tiie source whence the light requisite to its action is deriTed. 

In the present treatise I intend to lay before the reader a 
practical illustration of the constrLictiou of both the above- 
mentioned instruments, commencing with such parts of fhem 
as are common to the two, and then treating of those which 
are peculiar to each,— remarking also, as I proceed, on the 
▼arions improvements they have recendy undergone, and con* 
eluding with such instructions for the management oftliem as, 
I trust, will tend to remove those difiiculties which have hitherto 
obstructed their being brought into more frequent use* 

HBTHOD OF A8GERTAININO TBI VAONIFTIKa IPOWIBS 
OF SOLAR AMD OAS mCROSCOm. 

In an cases where the real dimensions of any object to be 
idewed wiOi these instruments is known, the magnifying power 
maybe readily computed, by Kiiuply measuring the leugtli or 
breadth of the image or picture formed on the screen, and di- 
viding them by the length or breadth of the object itself. Thus, 
for instance, suppose you had an object whose real length was 
the tenth of an inch, and whose image on the screen measured 
five feet in length, or sixty incheii, the lineal magnifying power 

* Mr. Cooper assisted Dr. Birkbeck in tliis experiment. 

t Limit. Orumraond has ingeniously applied this light to Light-Hoiisrs 
and to CierKiTtical operations ; PhiU Trans, for 1830, p. 383. See also the 
same work ior p. 324. 
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of the instrument would be 60 multiplied by 10, or 600. But 
since tl)e object has been magoified to the same extent in 
breadth as well as in lengthy the raperficial magnifying power 
will be iix bandred times six hundred^ or 360^000 ; or> in other 
words, it wonid require 360,000 of the origioa] objects to cover 
its ma<;nified image. Some ino;euious persons, whose design 
I suppose it is to astonish the worlds carry their estimate to 
a mncb larger extent than this, and give to these instruments 
the manrellotts power of exhibiting the solid as well as the 
superficial magnified representation of an object; bat as it is 
clear that the superficies alone, without any portion of die 
thickness ot ihe object, can be delineated on the screen^ the 
superficial magnitude must suffice. The solid content is known 
(but cannot be seen) by multiplying the superficies by the dia- 
meter or lineal magnification. Another mode of determining 
the niagnilVinp; power is to measure the distance of the screen 
from tlie lens oi tlie instrument, and divide that by the distance 
of the object from the lens. Thus — suppose the screen to be 
placed twelve feet distant from the lens^ and the object one 
inch from it; divide twelve feet by one inch^ and the quotient 
is 144, the lineal magnifying power of the instrument : conse- 
quently, the superficial niafinifying power will be the square 
of 144, or 20,736. This result will not be accurately true, 
although sufficiently so for ordinary purposes r for in prac^ 
tice it is a point of difficulty to determine the /oca/ cenire of a 
lens from which the measurements ought to be taken, inas- 
much as the thickness, form, and position (even of a single 
lens) must be considered, before the acting focal length can 
be strictly ascertained. In a combination of lenses^ the mat- 
ter of course becomes much more complex. I recommend^ 
therefore, adopting the first method, and throwing the image 
of a micrometer upon the screen. In all cases where the mag- 
nifying [iower is not great, a disc with a circular aperture of 
known dimension, placed as an object, will readily determine 
its extent 
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The next thing in commotio connected with the two instru- 
ments, is the Screen^ upon which the image of the objects is 
displayed. In constractlng this^ every caie should be taken 
to render its surface as smooth, white, and opaque, as it can 
be made ; the chief consideration being, that it should reflect 
the greatest possible quantity of iight^ and absorb the least. 
The material asually selected for the pnipose is a sheet of can- 
vass properly stretched npon a frame, and painted with two or 
three coats of white paint ; in doing which, some attention is 
re(|uired to smooth the surface between each layer >vith 
pumice-stone, or any other suitable substance, so that, when 
finished, it may be as plane and free from prominencea or cavi- 
ties as pains can form it. It is scarcely necessary to mention, 
that the purest white lead should be obtained, inasmuch as the 
brilliancy and perfectness of the picture will g i ( lUly depend • 
upon the whiteness, and the sharpness of its outiine upon the 
smoothness of the screen. 

A screen of a superior kind may be produced by spreading 
a thin coat of plaster of F^ris upon the flattened surface of a 
well-constmcted wall. This, of course, will be a fixture ; nor 
do I kiiuvv that the last material can be used conveniently in 
any other way, unless on a small scale, when it may be attached 
to a moveable board or frame. The form of the screen will .be 
regulated chiefly by the height and siie of the room, and in 
some degree by the nature of Ibe exhibition ; but, in all caseiT 
where a circular one of sufficient dimensions c an be contrived, 
it will succeed the best : it must be situated at right angles to 
the axis of the instrument. I may remark also, that, with the 
exception of the screen, the whole interior of the apartment 
should be made as black and sombre as possible, in order to 
produce a good effect. 
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The pomAm of Ike mmb wA ngnd to iSm kHrtrament is 
of coDnderftble impoHaiioe ; for if ifs eentre u not placed op- 
posite the axis of the instrumcut, and ita surface in a plane 
every way at right angles to it, the picture will be a distorted 
repretentfttiim of the object, its parts being maguified di£fer* * 
enllj^ aocoidiog to their dUtoDce from the ingtroment. 

CONSTRUCTION. 

The optical constmction of the eoler and gae microacopea 
may be divided into two distinct parte : Finit, that which ia 
neceiflary for magnifying the object, and depicting its image 

on the screen — which is, strictly speaking, the microscopic 
part; and, secondly, that by which the light is condensed 
upon the object— which may be termed the illuminating part* 
The microflcopic part may be the same in both theae instm- 
ments, and^ by a snitable airaogement in ihe mountings in the 
Table Engiscope also ; bnt (he iUuminatiog part most of ne* 
cessity be different. Pursuing the order, therefore, adopted 
at the commencement, I shall hrst describe that which is, or 
may be rendered, common to botb— the microsoopic part 

If we take a common convex lens, as shewn at A (Fig. 1)^ 
and place an object strongly illmninated at B, so that an image 
of it may be projected at C, that image of it will be an in- 
verted magnified representation of tlie object. By a little consi- 
deration it will be evident, that all that portion of the light 
emanating from which condaces to fonn the picture at C> 
most pass throngb the apertnie of the lens A>— the sorplns 
rays, as in^Kcated by the figure, being enttrely obstmcted and 
cut ofi'. Now, ill proportion as the picture C is enlarged, the 
available portion of the light will be spread over a larger tur- 
&ce, and caiise<|nently the picture will be more and more di- 
Inted. To remedy this defect it would seem that yon have 
only to extend the aperture of the lens by substitating one of 
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greater diameter^ which shall transmit an additional quantity 
of light ; hnt, by doing this^ the foUowing evili will wiie 

L The aberration occanqned by the spherical figure of the 
lens wQl be greatly increased^ and the image will be less de- 
fined. 

II. The dispersioQ arising from the unequal refrangibiUty of 
the light will produce a strong colouring throughout the image. 

in* The abenation of the obliqae peneils will cause indis- 
tuctness and colour atoimd the edges of the field of view. 
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IV. The image beiog formed in a caustic^ and not in a plane, 
it will Di»t be distinct in all its parts on a flat acieen, with the 
same adjustment of the instrument. 

I shall now consider how these defects are to be obviated, 
taking them separately in the order I have noticed them. 

]. The first defect aiising from the aberration occasioned by 
the form of the lens may be lessened by employing, in the 
place of a common couTez lens, another of such a substance 
and form as shall cause the least aberration. To deteimine 
this, you muHi iirst ascertain the refractive power of the glass 
or gem of which the lens is to be made^ and the distance at 
which the screen is to be placed from it; for it may be coneet 
enough at one distance, but will not be equally so at another. 
It may be mentioned here, that, with ordinary glass, the form 
in most cases should be a plano-convex ; the flat side being 
placed towards the object. I3iit since the aperture in a single lena 
of the best tigure cannot be greatly enlarged, it lias been fonnd 
expedient to have recourse to a combination of lenses. The 
most- efficient combination I have met with for practical uses 
is a modification of Ramsden's eye-piece, before alluded to. 
When this is employed for high powers, it becomes of course 
the doublet of Dr, W'oUaston, as described in the Microscopic 
Cabinet, p. 162. This combination, indeed, if properly exe- 
Guted> is the most efficacious tliat has hitherto been used 
for deep powers in the gas microscope. The form of the lenses 
and their arrangement is shewn at Fig. II. For further particu- 
lars respecting split i icui aberration^ see Microscopic Cabinet, 
p. 176, §4, and p. 197. 

Fig. 2. 
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U. The second defect^ chromatic ditpenion, arising from 
tiie unequal refrangibility of the ligfat> may be remedied, as 
before mentioiied» by subsdtatiiig in place of a single lens an 
achromatic combination of lenses, which maybe so formed 

as to obviate spherical aberration also. In the solar raicros- 
cope^ this combiuation has been used with considerable advan- 
tage; and there can be little doubt, that, for all scieotilic pur- 
poses where the utmost definition and correctness are required^ 
it is by far the most perfect construction of any ihat has been 
hiflierto discovered. It might probably be inferred from 
what has been said^ that an achromatic object-glass completely 
rectified for a table engiscope would of necessity be adapted 

Fio. III. 
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for the soiar ; and so it wouid^ as far as the two instruments 
eorrespond : bat since the angle of Hke field of timo in the 
fbtmer u genendly nnieh lets fhsn ffaet in flie ktter, an nchio- 
matie object-glass suitable te the otte may he wholly unfit for 
the other, and thus be found quite defective. For instance, 
let A (Fig. III.) be the object-glass, B the object^ and c c the 
diameter of the Jield-bar of a table engiscope : now i( is cvi- 
dent, that so mneh only of the object can be seen in the engis- 
cope as oecDpies Ae space c e: but the illnminated disc, of 
field of view, on the screen of a solar microscope, should sub- 
tend a larger angle than tliat subtended by c c, viz. that under 
6 6 : all the marginal rays, therefore, beyond c c may pass un- 
corrected, and consequendy may prodnce a distorted, coloued, 
and nndefined pictore. 

It may be vemarked here, that die field-bar of a table engis- 
cope generally subtends an angle of from five to ten degrees, 
and seldom or ever exceeds fifteen ; whilst the solar and gas 
microscopes should admit of an angle of nearly thirty degrees ; 
indeed, I have seen some which snbtended 46^, As, dierefore, 
the area of the field of view in both instmments varies as the 
square of their diameters^ in the most favourable case the latter 
will be four times the extent of the former. 

The construction of achromatic object-glasses having been 
amply treated of m onr other works, it woold be improper to 
repeat it here : there arc, however, a few observations con- 
nected with them that sn^gest themselves, which, if completely 
carried into effect, "u ould piobabls' render tho solar microscope 
the most valuable instrument which the naturalist can possess, 
enabling him to obtain larger angles of aperture, and greater 
space between the object and magnifiera,'--1he first giving in- 
ereased means of penetrating into the structure of bodies, and 
the latter afibrdmg practical fiidlities in the admission of ob- 
jects, the want of which renders the best reflecting ruicroscopes 
useless for the examination of a numerous class of objects.— 
Fhtat, then, the poetmior focal distaoee of the object-glass in 
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a wbr mteroicope beiiig longef tium in an eagiMope^ enabks 
Of with it to obtain a larger aagolar apertme witiioat any 
augmentation of its real aperture^ wbile it is now well 

ascertained that, m jtri portion as we reduce tlic length of the 
body, (that is, shorten the poaterior focus of the object-'^lass or 
distance A Fig. III.) we must reduce its aperture to obtain 
aU the necessaty collections. Thas> for example, suppose 
we have an inch-triple achromatic object-glass, and employ it 
with a body ten inches long, we may obtain an angle of aper- 
ture of 18 ; but if we shorten down the body to five ijiches, 
then, to obtain the requisite corrections, it will be necessary 
to fedttce its aperture to about 14^ Hence, in solar micros- 
copes, where we have the posterior focus elongated twenty or 
tfaifty times, it is probable that a much larger angle of aperture 
might be obtained; and thus, with an object-glass of no shorter 
focal length than one quarter of an inch, we might probably 
obtain an aperture sufficient to penetrate into the structure of 
every object we are now acquainted with. 

I should not omit to notice, that when the bodies with deep 
object-glasses, say one-tenth ut an inch focus, are reduced one- 
half, their angular aperture remains nearly the same ; and the 
reason is obvious. In the case of the inch object-glass we 
reduce the proportion between its anterior and posterior foci as 
low as one to five ; but, with the same reduction of body and the 
one-tenth object-glass, the proportion remains as one to fifty. 

I may remark, as a caution to those wlio lit up solar micro- 
scopes with achromatics, that the lenses must not be cemented, 
as they may in use be soon spoiled by the heat of the sun. 

The practical rules for determining how fiv any oombinaliaii 
of lenses is free from dbromatm dispersion, are anpfy detafled 
in the Microscopic Cabinet, p. 200: see also Test Objects, 
chap 16. 

UL Thb third defect, tlie abeiration of the oblaquo peodia 
ef rays, wiU be better explained by releniag to Fig. IV., 
where B ivpteaeati dit object: firooiaQy point B not in die 
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axis of Ae len», let a peneil of rays be iDcident upon die leDs^ 

and refracted to iurm an image at that point at F. From the 



Fio. IV. 




•pherical figure of the Um, the extieme or marginal rays 

oi the pencil will undergo greater refraction than those repre- 
sented by a a, nearly coinciding with the axis of the pencil^ 
and will meet at aity the focas of marginal lays^ whilst those 
near the axis of the pencil will proceed on to the locos of 
central rays; consequently^ an indistinct drcnlar represen- 
tation of the poiat B will be found between 6 and m, the longi- 
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tudinal aberration ot the oblique pencil. A similar etiect will 
take place in aU the other pencils passing throngh the lens 
from every point of the object B. 

This aberration of the oblique pencik may be corcecled by 
a proper form and combination in the achromatic object-glass; 
for although it is a manifest and visible error^ it would not be 
advisable^ in practice, to construct a form exclusively to remedy 
it, unless^ indeed^ when very low powers only lure to be em- 
ployed; in which case it can in a great degree be done by a 
right adjustment as to distance of the lenses shewn at t'jg. 11^ 
and giving their surfaces the necessary curvature^ so that the 
defect will be imperceptible. 

Fio. V. 
W 




IV. The last defect I have to notice, will also be better un- 
derstood by u direct reference to Fig. V where A is the lens^ 
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B tht objert, ;irul C its ima^e. As the several portions of the 
object ii are at unequal distances from the centre of the lens 
the image instead of being formed on a plain surface^ will 
aaaume a eurvt, aa fepreaented at C. To remedy thia^ it ia on! y 
necessary that the scieen shonld be constructed of a corre- 
sponcliug curvature ; l)ut, in practice on a large «cale, this will 
be extremely difficult: moreover, with every change of magni- 
fying power, or Tariation of distauce between the lens and the 
acreen, « new conre for the latter woidd be required* By 
adopting the eonTerse method, howerer, and monnting the 
object between two surlaces of the proper curvature, such as 
watch-glasses, an imag^e will be seen t^jually distinct through- 
out the entire field : thin sectioned of vegetables, specimens of 
gause, lace, and other flexible substances, are viewed extremely 
well when mounted in this way, especially when the angle of 
the field of view exceeds 30 degrees ; although it is not adr 
visable to employ a lary,er ani;Ie if it can be avoided. 

Mr. Cuddington, who appears to have been the first person 
to investigate this error in microscopes, baa sncceeded to a 
great extent in correcting it, by substituting spheres of glass 
in place of other lenses. This contrivance is shewn at Fig. VI., 
where the aperture of the sphere is defined by a groove cut 
about its et^uatorial parts. 

Fio. VI. 




" The only point of consequence is," says Mr. Coddington, 
that the rays which pass through this magnifier should tra- 
verse both the refracting surfaces without any obliquity, by 
which meant the whole field of view is equally distinct" The 
two refractmg sur&ces hm alladed to aie, of course, portiona 
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of ike muMB sphere, end* if eoBtii|iie4» would meet I lieve 
Mde due revmxk einiplj bec«uee» iu all the Coddiugten leoeee 

that I have examined, there is a great fault in the making of 
tb^m : few, ii any, do iofiu perfect spheres, if thus continued. 
Mr. Co^Miogton has recommende4 me to make these spheree 
ci rock efyetal and Sir D* Bneweter coniidera thef 
would be quite perfect, if composed of ganiet, and used in 
homogeneous light. 



FOCAL LENGTH OF MAGNIFIERS U&ED IN SOLAR AND 

OAS MICROSCOPES. 

The range of magnifiers suitable for either of these instru- 
ments depends upon the dimensions and arrangement of tlieir 
illuminating apparatus, in the larger ones^ which are by far 
the most.instructiYO and amusing, and best adapted for public 
exhibitions, a great extent of surface can be intensely illnmi- 
nated, and therefore very feeble magnifiers can be employed ; 
die lowest having a sidereal focal length of about three inches^ 
and tbence proceediiig upwards to a quarter of an inch. If 
they are much shorter than a quarter of an inch, unless the 
field of view be small, and the instrument very accurately con* 
strueted in every pant, the image on the screen will be little 
more than a gigantic coloured shadow of the object Indeed 
1 may safely assert, with respect to the ^as microscope at 
least, that^ with its most extravagant magnifying powers^ 
none of the minutias of an object have been displayed which 
could not be seen through a simple microscope with a single 
lens or doublet of a quarter of an inch sidereal focus. With 
the solar^ a magniher as high as the sixteenth of an inch maybe 
advantageously employed, although half that power will be 

* I find, with tbii medtsm, tbat a tUglit oUiqiiiiy piodyces doobls re- 
frasliott. 
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foand amply sufficient for most scientific purposes. I am 
aware that, in Germany, the polygastric sacs_, or stomachs^ in 
the smallest ^enus of animalcules, the Monads, are said to 
have beeD rendered distinctly vinble with the solar micnwcope ; 
to effect which, n power of the sixteenth of an indi, if not a 
deeper 0Be« would certainly be required. The most splendid 
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solar that has ever been produced in this country bad a set ol' 
achromatic lenses^ whose foci ranged from an inch and a half 
to two-tenths of an inch ; but^ in some that I haye made with 
aehfomatics of two inches foeiis^ even their superiority over 
common lenses was decidedly manifest ; and, as the powers 
become deeper^ the advantages to be derived from the achro- 
matic construction increase in a high ratio. 

ILLUMINATION FOR SOLAR mCROSCOffSS. 

IVansparent Objects, 

F^. VII, will illustrate the construction of the illuminating 
apparatus of a solar microscope. D is the large convex lens for 
condensing the parallel rays of the snn ; F the sidereal focus of 
the lens D. The condensed rays of lights after crossing at the 
point F, will diverge towards the screen 1 K M, and may be 
supposed to occupy the space I K. Now, if the instrument 
be so constructed as to require the object to be placed at 
the point it is evident that the central portion of the object 
through which the condensed rays must pass, will be power- 
fully illuminated. But if the microscopic part of the instru- 
ment, viz. the magnifier, uill lake in a larger portion of the ob- 
ject than is thus illuminated by the lens D, it is evident that 
we shall not obtain so extensive a field of view as the micro- 
scopic part of the instrnment will admit oL To supply this 
deficiency, an additional lens as shown in the drawing be- 
neath, may be introduced at the dotted line, the effect of which 
will be to make the rays converge to a point much nearer to 
the lens D than is its sidereal focus F, and consequently to 
increase the ai^le of divergence I F thereby occasioning the 
rays to illuminate an enlarged space, I M on the screen, by which 
means the field of view is grea% extended. If the object B be 
now placed close to the field Inis every portion oi it will be 
illuminated. As, however, difi'erent sized objects require differ- 
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ent magiiii'yiug powers to display them properly, it is neces- 
sary, io like mauner^ that the field lenses be suitable to the 
powers employed.^ 

Sine^ it Ut neoenvy that the san'i rayg sboold pus directhf 
tbroagh the lens^ in order to fonn a proper dite upon die 
screen, it will appear evident, either that the axis of the con- 
denser D must be directed towards the sun, or that a plane 
mirror be so placed behind D as to reflect those rays along 
its axis. The latter method is osttaOy adopted^ as being by 
far more comrenient and simpler than fo be continually chang- 
ing the position of the instrament and of the screen. It is im^ 
poi fant that tlie mirror be made as perfect as possible, lest a 
considerable portion of the light be absorbed^ or otherwise in- 
jured. For this purpose we generally employ a Aimed look- 
ing-glafs^ (a apaculum of sufficient size being too costly,) whidi 
should be of thm Dutch plate-glass, as free from colour as U 
can be procured : if it be not thin, the images of the sun re- 
flected from each oi its rturlaces WiJl l>e so far separated as to 
be visible on the screen^ projecting a double image of the ob- 
ject^ the one oyerlapping the other. 

The intensity of the light condensed upon the object by the 
lens Fig. VII.^ (if there were no light lost in reflection from 
the mirror, or from the surfaces oi the condenser, and none 
absorbed m pas$mg through it,) will be iu the proportion oi the 
squares of their respective diameters. Thus^ if the diameter 
of the condmeir were six times that of the oliieGt, tbe latter 
would be ffluminated by a light 36 times as intense as tiiat 
direct from the sun. If it were wished tiierefore, to magnify, 
the yame number of times, two objects of unequal size, which 
should be equally illuminated, it is clear you would not require 
SO large a condenser for the smaller object as Ibr the other : 

• la all solar auerosoopes» the constrastnon reqoires the illuminating 
lays from the object to be conTsi^g ; but it is pnd>able, if diey wers di> 
vergmg, that a'baperior defiaitioa woald be obtaiasdi as is fboad to Im tha 
case with delkatsobpeots aadsr an eagiseops. 
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hence, for a solar intended to exhibit large objects, where a 
eonsiderable surface of condensed light i& absolutely necessary^ 
or where very high magnifying powers are to be vuvsd, which 
greatly extend the disc over wbieh the light is to be spread, 
a condenser of eomparatiyely larf^e diameter will be required. 

The diameters of condensers lor solar microscopes vary 
from an inch and a half to about six or seven inches, — those 
of four or five inches being the most convenient and generally 
vsetul. If they are mnch smaller than tint, they will not suffi- 
ciently illaminate large objects, and are consequently suited 
only for a limited dafls of them ; and when they exceed seven 
or eight inches, the heat becomes so intense, that it will scorch 
and bom up the objects placed in or near the focus, and even 
fisse the magnifiers themselyes. 

Having determined on the diameter of yonr condenser^ the 
next point to be considered is its focal length, which should 
be such that the prismatic dispersion may interfere as iitde as 
possible. If the focal length be too short, the image >vill be 
coloured, notwithstanding you have an achromatic object-glass ; 
and if it be too long^ it will occasion great strain upon the in- 
strument. Hioso I have found to answer the best have been 
in about the proportion of four or five times the diameter. The 
foci and diameters of the field lenses (see E, Fig. VII.) must 
be decided iipon by trials after the magnifiers or ol;>ject-gla8ses 
have been selected."'' 

Under any drcumstanoes it will be evident, that whenever 
a single condensing lens is used, some portion of the ]%ht will 
of necessity be dispersed ; but if there were substituted in its 
i>tcad a portion of a paraboloid reflector, as proposed by the 
Rev. Mr. Packman^ this detect would be entirely obviated, and 
you would therewith collect an intense spot of pare white 
ligbt. 

♦ See p. 87. 
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Fig. VIIL repfesents a section of such a reflector^ with its 
apex cut off; F is its focus for paiaDel rays, within which the 
object is to be placed. By a principle of the parabola^ all 

the rays of the sun impicging upon its surface will be reflected 
towards without aberration or dispersion ; and thus the ob- 
ject intercepting them will be intensely iilumlnated without 
any coloured fringes. 



Opaque Objects, 

The usual method of constructing a microscope for display- 
ing this boundless class of objects, in all their varieties and 
beauties, augmented by the reflection of the solar light con- 
densed upon them, is shewn at Fig. IX., where S represents 
the condenser, B the object, N a small reflector, and A the mag- 
nifier. Since^ in this case, the light is to be reflected from the 
object, and not transmitted through it, a plane reflector is placed 
at N, in order that the condensed rays falling upon it may be 
thrown upon the object, and dienoe proceed, as in the case of 
transparent objects, to depict its image on the screen. ITie 
reflector so used is generally a piece of looking-glass, acted 
upon by an adjusting screw from behind, so as to vaij its mdimi^ 
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tion^ and suit the difTetent ol]jeoto to be viewed ; but bere a rnnall 

fipecuium would be au xmprovemeut worth the additional cost.^ 

Fio. IX. 




Anodier method of iUwniiiatmg opaque objects is by means 

of four smaller condensers arranged in a circle, from which the 
condensed hght, ere it arrive at their focal points, is received 
upon four small leflectors so situated as to throw the whole of 
the light upon the objeot This plan will be readily understood 
by a lefeiencd to Fig. X.^ whero d d lepresent two of the foar 

♦ See Fig. III. p. 85, 
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tmidmmtn, mn tbiirMrresponding mirrors, and A the fMtitimi 

of the magnifier. An instrument thna constructed has been 
made in Amenca^ and ioimd to answer very well. 

Fio. X. 




Tbe following plao^ contrived by myself, has many 
advantagies* It consSsts of one condenser (the same as is 
used for transparent objects) and a silvered concave spherical 

reflector, or cup, with an aperture throue^h its centre to adiiut 
of the condensed light proceeding to the magnifier. Tliis ar- 
rangement is given at Fig. XL^ where S is the condenser^ B 
the object, R the concave reflector, by means of which the 
nys, partly condensed by passing throngb the lens S, are coir 
lected and thrown upon and thence proceed through the 
aperture to the maguiher or object-gluss a. 



Fio. XI. 




By observing the preceding construction, it will be evident, 
that if the concave reflector R were of equal diameter witli the 
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cdndeaaer D, the Utter might be wholly dupenoed with : Ais» 
donbileas* would be the aimpleBt method of Ohmonating opaque 
objects, and at the same time would posseis tiie additional 

advantage of exemption from refrangibility. But siuce, in prac- 
tice, it is not advisable to construct a solar microscope that 
w ill not exhibit transparent as weW as opaque objects^ and since 
the condensing lens conduces effectually towards illuminating 
them both, it would be a wasteful expense to make the reflector 
of such large dimensions. 



ILLtTMINATlON FOE OAS HIOEOSCOFBi^ 



It has been assumed (which, however, is notstrictly true, 
although iiuihciently so for practical uses), that the rays of light 
emitted from the sun are parallel to each other, and that it 
belongs therefore to the illuminating portion of the solar 
microscope merely to divert them from their parallel course, 
and make them converge toward the object intended to be 
illuminated. In the case now under considcratinn, the rays 
emanating from an artihcial light placed at a short distance 
from the condenser are divergent, and all except the central 
ones frn obliquely upon the surface of the lens ; hence a double 
e|i«ration must be performed upon them before they can be 
made, as in the former instance, to converge upon the object 
interposed for illumination : that is tu say, it is necessary hrst 
to bring them parallel, and then, as in the instance of the solar, 
to converge them toward the object they are intended to 
iDuminaie. This, however, may be effected, as we shall pre- 
sently see, with a single reflector also. In bodi cases 6ie 
main object to be attained is to collect the greatest possible 
number of rays that can be taken up ; to accomplish which 
with a lens, the surface next the light should be concave, or at 
least a piano, otherme the rays nearest its margin wiU, owbg 
to their great obliquity, be reflected from and not refracted 
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through it From the nmneroai experiments I have made m 
cmiitractiiig ges microicopee^ I find tiie best arrangement for 
the illnminating part, when lenses are employed, to be simikr 
to that shewn iu figure 12 j where a plano-convex lens^ is 



Fio« 12. 




first placed with its flat surface next the light, O, and at such 

a tlistance from it as to brin^ the divergent rays nearly parallel ' 
and tlien, in close connexion with it, a double convex lens, D, 
to condense them upon the object, B. In some instances I 
have used three phmo^nyex lenses, but 1 do not think the ad- 
vantage obtained by thus dividing the refractions at the surfaces 
compensates for the loss sustained by the introduction of an 
extra lens*. The contrivance given at figure 12 answers so 
completely that it leaves little room for any improvement to be 
ejected by a combination of lenses, an angle of light of between 
50 and 60 degrees being taken up* 

In order to increase the quantity of light, it has been pro- 
posed to place a reflector behind it, but this cannot be made 
to produce the desired effect unless its centre of curvature 
coincides with the radiant; for the reilected rays not having 
the same divergence as those proceeding direct to the iena 
from the light itself, cannot be taken up so as to aflbrd any 
additional advantage in the illumination. If, however, a simple 

* lu cases where the diameters of the coadensiog lenses are great, and 
the focus short, it might be an improveraeat to use fluid loBioo ; or even, 
in some cases* Sir D* Brswster^s polygonal leasts might be serriceable. 
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xonoire' lelleetor propeiiy conitrvcted be wed withont any 
lenses^ the leeidt will be quite equals if not superior, to tbat ob- 
tained by the preceding management, and at the same time will 
obviate one of the greatest defects there is to contend with^ 
viz. that arising from refrangibiiity. This construction is given 
at figure where R is the reflector, G the ignited lime> and 



Fig. 13. 




B the object: a field lens, IP, is intioduoed in (he diagram, 
and might be nsefal in some cases. 

In gas microscojies constructed as iil)nve, with only a 
reflector for illumination^ on removing tlie magnifiers in front 
the illuniinated portion of the screen will not be a complete 
circle, the lime, jets, 9ic, interposing between the two, shewing 
their shadow upon it I am informed by a person who has 
experimented with a reflector in this way, that we cannot 
obtain SO great a range of distance betwreii the screen and 
aiutrament as when lenses are used, so that a certain radius of 
cnnratnre is suited to one distance only : of this circunistance 
I am nnacqoainted, not having observed it when making my 
experiments abont four years ago. 

Before proceeding to the consideration of the illumination of 
opaque objects, it will be advisable to introduce a lew remarks 
on the above. 

It has been staled in the Microscopic Cabinet, that objects 
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an beat defined when viewed by diverging laya. In the aolar 
mieroecope this is difficult to accomplishi but it will be seen 
that in the gas microscopes we have divergent rays ; and I have 

little doubt but tor lar^ objects it would Ije a vast improvement 
to introduce them close to the condenamg leas^ on the side 
next the light This arrangement would have the advantage 
of enabling ns to reduce their dismeter— -a point of no small 
importance, as the thickness of glass in large deep lenses is 
considerable , and the loss of light appreciable. 

In the solar microscope, the Rev. J. B. Reade has recently 
introduced astronomical slides, and those of the phantasmagoria, 
between the large lefl^ctor and condensing lens* with eflfect; 
and indeed all the best instruments of that kind should be pro- 
vided with the means of such adaptation. « 

I cannot omit to notice a remarkable error which is to be 
found in all the optical treatises from Gravesaude's down to 
those of the present day, respecting the construction of the 
phantasmagoria and magic-lanthom. In all of these, the 
slide containing the figures to be projected on the screen is 
described and dravm as plao^ between the plano-convex bnllV 
eye condenser and the magnifier — that is to say, in converging 
rays, whereas, in practice, the slide is placed next the light, 
and close behind the buU's-eye, so that in hci they are in 
diverging rays, and the bull's-eye condenser and magnifier 
act as a doublet* and Che distortion arising from the spbcricify 
of the condenser is thus greatly diminished. 

In my hicernal microscope, where a moderately magnified 
picture of the object is thrown upon a plate of greyed glass, for 
drawing its outline, &c., or for enabling several persons to 
view it at Ike same time, Ike principle of the optical consCmc* 
tion which I adopt is similar. 

Opaque Objects, 

The simplest method of iUominating opaque objeots in gas 
microscopes is by means of a concave reflector only, as shewn 
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in fig. 13; in which case, however, the object and the light, B 
and 6, are required to change places, and the reflector must be 
provided with a sufficient aperture in its centre to admit of the 

rays of liglit proceedino; freely from the object toward the maj^- 
nitier behind it. By inspecting this iigure with the alteration 
proposed, it will be manifest that the cone of rays incident upon 
the mirror will of necessity be very small, and consequently 
that large objects only can be sufficiently illuminated by it 

Another mode is to receive the rays at (6g. 12) upon a 
concave reflector, similar to that represented in fij;-. 1 1 ; bnt it 
may be remarked, that in no instance has it been practicable 
to introduce^ for displaying opaque objects, magnifiers of equal 
powers with those used for transparent ones, and solely on 
accowit of a deficiency in the illumination. 

Though the descriptiiou of an apparatus answerable for the 
purposes of containing the gases and regulating a due supply 
of them for combustion^ should in strictness fall within the 
province of the chemist rather than the optician, still, as the 
subject seems to be almost naturally brought under our con- 
sideration, a few observations respecting it will contribute, I 
think, towards rendering this tract so much the more complete. 
Before I proceed, therefore, with the roles necessary to be 
observed in the management of the instruments themselves, I 
shall take this opportunity of stating some particulars as to the 
regulation of the gases. It is scarcely requisite to menlion 
the propriety of having every part of a gas apparatus, together 
with all the pipes, stop-cocks, joints, &c. used in connexion 
with it, perfectly air-tight, both as far as safety is concerned, 
and to prevent the waste and loss of a valuable commodity. 

Fig. 14 exhibits tiie form of an apparatus suitable for the 
purpose. O and U are two cylindrical vessels of sufficient 
capacity to contain gases for one or more representations; 
P P are two pipes, with stop-cocks at p p, and apertures to 
admit of their discharging themselves into the bottom of the 
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veisels O and H ; T repfesents a tank or rtammt of water^ to 



Fko. 14. 





supply an uoiform pressure or force to expel the gases from 
llie vends ; c and h are exit pipes fitted to communicate nitb 
the jet^ wJieie the ignition la to take place. The action of 
fhia appaiatns ia as (oHowb : the vessels, O and being filled 
with the gases, and the closed lank, T, with water, the pipes 
o and h are to be attached by means of union-joints to the 
feeding pipes of the jet If the stop-cocks of the tank are now 
opened^ the ftmnels ai P P will be filled with water^ on tbe 
principle of the conmion bird fountain ; the lower cocks, at 
J) jp, may then be opened^ when the water issuins^ from the 
apertures at the bottom of the pipes will ascend in the vessels, 
and so compress the gas that it will exert itself to escape. 
Hie pressure of the water against the under surface of the gas 
will be equal to that of a column of water of the height of the 
water in the funnel above that to which it can ascend in the 
vessel ; the pipes, P P, must therefore be of sufficient length, 
viz. 20 to 3U inches^ to admit of the pressure overcoming the 
nesistance occasioned by the gas passing through the tubes, 
and to discharge it from the mouth of the jet with sufiicient 
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force against a body of lime prepared for combustion.* The 
stop-cock at h may now be opened^ and the hydrogen gas 
issuing from a proper apertute in the jet must then be inflamed. 
In like maoner, the etop-cock at o being tuned, a due supply 
of the oiygen wSi also be fiimidied. 

Hie mode of filling the vessels with the gases may be liins 
explained: the stop-cocks at o A and P P being opened^ the 
water from the tank will flow freely into the vessels O and H ; 
as 80on^ then^ as they are fiUed^ let all the stop-cocks be closed. 
The caps of the indactioii orifices or shallow tubes situated at 
I, should next be unscrewed^ and the extremity of the small 
pipe through which the gas is to pass inserted at the induction 
orihce : as the gas rises to the top of the vessel, and there dis- 
places the water, the latter will continue to flow out at I, 
until the yessel is fiOed wiA gas, when, the caps being sciewed 
on tightly, the appaiatns will be ready for use. 

I would here remark, that each of the vessels should be 
furnished with a glass gauge-pipe, communicating with the 
interior, for the purpose of indicating the quantity of gas in the 
vessel, and how much is consumed in a given time* It may 
also be stated^ that if there be no gas in the vessds or feeding 
' tubes, tiie water wiO be fiaUe to be expeDed! from the jet, 
destroying the lime, and otherwise damaging the apparatus. 
The tank should be constantly hlied with water, which may 
readily be done, whilst the lower codu are closed by means 
of the fimnel at the top. The great advantage, however, of 
my closed tuik over an open cistern is, that the pressure upon 
the gases is regulated by the length of the pipes, P P, without 
any reference to the variable height of the water in the tank. 
This is a point of vast importance, inasmuch as the intensity 
and steadiness of the light will depend entirely upon an untfofm 

• It will be found in practice much better to employ only one funnel 
and stop-cock to the tauk, 1, and make the pipe, i', braach oil' to eacU 
vessel : I have recently learnt that Mr. Maugham has proposed the latter 
plan, bat in place of the tank, T, he eses ablllH!Od( to mgohle die supply 
of water. 
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preMure: with a varyiu<^ preMore Hie brilUancy of tbe linage 

on the screeii will be contimially varying; also. 
Fig. 15 illustrates a method of construcUog tlu; jet^ and bow 



Fig. 15, 




s 

the lime is disposed for combustion: o aud U represent the 
feeding-pipes of the jet, which are to be attached to the eoire* 
aponding tubes of the vessela O and deagnaled by the aame 
letteni. At S are situated two of Hemining's safety^abes,. 

containing bundles of fine copper wire, gauze, or asbestos, to 
cool the gaiieii, aud prevent explosion^ should any accident 
occasion the ignited gas to return towards the vessels. When 
speaking of the rtUgm of tbe gases in the directaon of the 
vessels, and thus forming in the tubes, or ▼esscls themselves, 
an highly explosive luixuire, there is one point to which 
I have not yet alluded, but which 1 conceive to be of 
the gveatest possible importance; and it is this — viz. that 
the areas of the bases of the vessels H and O should bear 
exactly the same proportion (o one another as that in which 
the hydrogen and oxvii^eu gases, in reference to volume, are 
retpured to be used for consumption. The necessity of this 
will be sufficiently manifest, since more than twice the quantity 
of hydrogen to that of oxygen is expended m producing 
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the requisite light Whilst the gases are being consumed, 
their nnder surfaces, in the vessels H and by the pro* 
poeed amngeinent will be continnaUy kept at equal alti- 
tudes ; and since tbe water ascends to these under surfaces, 
and the pressure there exerted is dependent upon these altitudes, 
aa before mentioned, the pressure in both vessels will remain 
ujiilormiy the same. By admitting, therefore, twice as much 
hydrogen as oxygen to pass through the stop^M>cks of the 
feeding-pipes of the jet> tbe two gases, in their due proportion, 
will tanWe at the mixing-chamber, C, pressed forward by equal 
forces ; nor will there be any disposition in the one to over- 
come the force of the other, and thus to repel the mixed gasi 
from the chamber, C, back into either of the vessels, but it 
will proceed steadily on to the mouth of the jet, and so much 
of tiie gases only will be admitted to mix as can be contained 
in the mnaU chamber at C. R represents die rod upon 
which the lime, in the lorm either of a sphere or cylinder, 
is sustained — (the latter form for ordinary uses is generally 
preferred.) In either shape the lime, by means of clock-work, 
or the hand, shoidd be made to reTolye, and thus present a 
new surface to the ignited gas, otherwise it wiD be liable to 
bum away unequally, and to burst The lime cylinder is some- 
times placed horizontally, and the flame brought to play upon 
its base ; but this arrangement does not atiord so steady a 
light, and a ca?ity being soon produced by the combustion, a 
strong shadow will be thrown upon the screen* 

I next proceed to describe an apparatus of a different con- 
struction, and possessing the immense advantage over the other 
of requiring but a comparatively small quantity of water for its 
use, I coneeived the plan of this from reading an account of 
one constructed in Turkey, on a similar principle, by Mr* 
W« H. Barlow.* Bfine differs from that gentleman's, however, 
in two material respects : Ist, I am enabled to dispense with a 
vast proportion of the water retjuisite for liis apparatus; and, 
3dly, by substituting weights in the place of water, I give it 
* Sm FhiL Mag. vol. viii. p. S40, Sd Sesies. 
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additional steadiness' hv bringing down the centre ol" llotatioii 
to a much less elevated point. Let fig. 16^ be a section of 

Fic. 16. 




a cyliudrical vessel composed of copper or tin, and connected 
at the bottom to a small cylinder in the sitnation of B. A 
ditrd cylinder, D, of equal length with A, and about three 
inches less in diameter, is so placed withm the yessel A that 
it can be moved up and down with perfect freedom, and admit 
of a small quantity of water being contained between its outer 
Buriace and the inner snrface of A. The cylinder D is fur- 
nished with a dii4[>hragm, situated at such a distance from its 
lower extremity that when D shall descend to the bottom of the 
vessel A, the diaphragm moy coincide with the upper extremity 
of the cylinder B. The cavity represented at B will be of 
nearly the same dimensions as are required in the vessel D, to 
contain a yolnme of gas sufficient for a specified time. The. 
operation of this apparatus is as follows : a small quantity 
of water is poured into the vessel A, and D is tlicn inserted 
into it. The stop-cock at g being opened, as the diaphragm 
and cylinder D descend to B, the atmospheric air issuing 
through the orifice at 6 will pass along the pipe, and make 
its escape at g. If the gas be now admitted at it wiU 
occasion the floating vessel^ to ascend in A, untfl the space 
G is taken up by the quantity of gas required. The stop- 
cock, g, may then be closed, and the water in the vessels will 
stand at the same level, m, within aad without the floating 
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vessel, D. If weights are now placed at W, in (he cylinder ! ), 
and additional water be poured into the vessel it will rise on 
the ontaide above m to soine height^ to be determined by 
the reqainte amount of pieflauie. On opening the stop-cook^ 
an unifonn supply of gas will then be discharged at ^, and aa 
the cylinder D descends, the water will remain constant at 
the levels M and m. When it is necessary to replenish the 
vessel with gaa, the weights at W must be removed by the 
handj or otherwiflOi and the operation conducted in the order 
previously described. In Mr. Barlow's apparatus^ the spaces 
represented at B and W, the part of D situated above its dia- 
phragm, are occupied with water, which, in case of leakage, 
may be exceedingly troublesome;, and must be always incon- 
venient, from the necessity of removing the whole of that con- 
tained in whenever the vessel is to be refilled with gas. 
Further, in order to obtain the requisite pressure with water, 
the {inrtioii of D over the diaphragm must be nearly filled with 
it, when its centre of gravity will be somewhere at C ; but in 
the case of weights, when sand, stone, or metal of greater 
specific gravity than water, is used, the centre of gravity will 
be somewhere at W, which being below M vnll render the 
flotation far more steady than if it were above it, at C. 

Since the gases must be kept apart from each other, the like 
construction will be required for the use of each ; and the 
cylmdrical vessels of the two apparatus bemg made of the 
same elevation, should be so proportioned with respect to their 
diameters, that the same height of gas may be consumed from 
,the one as from the other in a given time. 

The description of jet used by ^Ir. Barlow is shewn at fig« 
17 : it is commonly known as Daniell's jet. It consists of two 
tubes, a and O, the one inserted within the other, in the manner 
represented by the figure. Hie outer tube (a) has a diaphragm 
situated at a, throug-h which a portion of the inner tube (o) is 
admitted into a mixmg chamber at c. This diaphragm is per- 
fofated with small holes, to allow the hydrogen gas to pass 
from the feeding-pipe (A) through the holes a into the chamber. 
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c ; «Bd thai portioa of the tobe O situated withm the chamber^ 



Fio. 17. 




c, i» perforated also« to admit the oxygen from the tube O to 
• miz with the hydrogen in the chamber, e, and, in that condition, 

to proceed to the mouth of the jet I prefer thia arrangement 
to the one given at fig. 15, becanse it is not so liable to be 
injured, should any water, as will sometiraes unavoidably 
happen^ be forced through the pipes into the jet. As the 
gases bum much better when dry, it might be desirable to pass 
them through a yessei containing anhydrous muriate of lime, to 
free them from moisture. 

I shall now describe a portable apparatusj in which the 
gases are contained in bladders, or bags made of cloth or 
leather, rendered air-tight by a coating of caoutchouc ; and 
the pressure is managed entirely without water, by the i^jpli- 
cation of sand-bags or weights*. 

Figure 18 represents a side view of the apparatus.* It con- 
sists of a square frame of wood, running on castors^ and 
furnished with horizontal partitions or shelves upon which the 
bags or bladders, O and containing the gases, are to be 
placed \ the upper shelf being usually preferred for the oxygen 
gas, in order that the stop-cock at o may be the more readily 
adjusted, and the lower shelf for the hydrogen. Small pipes, 
with stop-cocks, as shewn at o, a, i, and h, are annexed to the 
different bkdders, and made to communicate with the jet, J. 
On the upper shelf stands a purifier, hereafter to be described, 

• Hydrogen being transmissible through moat bodlM, the bags OT 
bladders should not be filled until wanted for use. 
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|br fitipeing the gases of tiieir impiiritiM, so tiist, without pessiog 

through any other intermediate vessels, they may, as soon as 
generated, be conveyed at oace into the bladders^ O or to 

Fig. la 




be used wlien leqarnred. W W are the weights, or saiid4Hig8, 

pressing, by means of inclined boards, upon the distended 
bladders, and thus, in conjunction with the stop-cocks, acting 
as regulators for the steady and proportionate supply of the 
gyues. It is scarcely worth mentioning that, during the time 
die bladders are b^g filled, the weights and boards most be 
of course removed'^. 

* The SMdiod by wldch the p imuio on die gates is obteimd ia the 
S|)|iaiatiis figun 18, has been oljected to, as it varies wiih the iscHnatioa 
of tlie beards to wbich cfao weights aie attacbed: to lemedy this iaoon* 
veaieace, the gas-holden might be oonatmcted sioiiUr to the. r&ettmt of 
efgsa^bellows. See Eduibaigh Eocydopsdia, voL xv« p. 676, piste 44(r, 
fgS.5aBd7. 
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The addition of a few words more on the practical method 
of generating and purifying the requisite gases, will, I think, 
be in strict conformity with the design of the present tract, and 
suffice to render this part of the subject tolerably intelligible to 
the generality of readers, It has been already noticed, that a 
bottle, termed a purifier, is placed, for convenience sake only, 
on the stand at P ; and, on the other side of it, not discernible 
at a side view, is stowed a leaden bottle also, adapted for the 
purpose of generating the hydrogen gas. Fig. 19 represents 



Fio. 19. 




these two bottles, taken from their respective situations, and 
now supposed to be employed in the order they are exhibited. 
Some water and granulated zinc are first put into the leaden 
generator, G, (about a pint of water and a pound of zinc will 
be sufficient,) and the purifier, P, is about two-thirds filled with 
water. The bottles are then securely corked, and a communi- 
cation is established between them by tubes perforating the 
corks, and brought into connexion with each other by an union- 
joint at t/. In like manner the tube at p is made to commu- 
nicate successively with the pipe, 1 or 2, of the several bladders 
intended for use. If a small quantity of sulphuric acid (about 
half a wine-glassful) be now poured into the funnel at c, a 
portion of the water will be decomposed, and the hydrogen gas 
speedily evolved, and pass through the purifier into the bladder 
or bags, H : when the evolution becomes languid, fresh acid 
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may from time to time be added^ untii the needful supply of 
gas is obtained'^. 

The mode of generating and purifying the oiygen gas is 
extremely simple, and may be very sommarily explained. 
If an iron retort partly filled with lamp manganese be inserted 
into a strong fire, as soon as the manganese attains to a red beat 
it will part freely with the oxygen it contains ; and if a com- 
raunicatioa be made between the retort and the purifier, P, 
by means of a long tube, the oxygen will pass over into the 
purifier, through 2 and a> into the bkidders at O, in the manner 
before described for the hydrogen. Thus the same purifier 
will serve for both gases: too much care, however, cannot be 
taken to retain the gases quite separate from each other^ and 
not to risk the possibility of an explosion. 1 would caution 
also against the purifier bemg more than two4hirds filled with 
water, lest any of the water should be conveyed to the bladders 
and destroy them. The quantity of oxygen that can be con- 
tained in the bladders suited for the apparatus I have now 
described will sustain a hght for one hour; that of the hydro- 
gen for about half that time; but since the latter can be very 
readily procured, little, if any, delay will be thereby occasioned. 



ON TUB MANAOBHENT Of SOLAB AMD GAS MICROSCOFBS. 

In selectmg a room for a solar microscope, the first con- 
sideration should be, that the aspect be towards the south, so 

that from tlie wiadow, i[i fine weather, yon may command a 
view of the sun for the greater portion of the day. This room 
must be provided with the appropriate white screen, eon- 
stmeted on the wall immediately opposite the window; ex- 

I 

* The apparatoB, figure 18, would be found useful for many chemical 
experiments, and especially for eshibiliDg the combiution of metals by 
ttte mixed gases. 
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eepting which, every other part, ceiling, walls^ &c. ahould be 
rauieredy as befoce toentioiicd* as daik and aombre as possible. 
On fliis anangement, aod the briUiaiicy of die day, will Ttry 

niiich depend the beauty of the representation. The size of 
the room should be in a w^rt at measure repftilated by the nature 
of the exhibition : where many persons arc to assemble, it 
should be well ventilated and large ; and in no case shoold the 
distance from the window to the screen be less than ten or 
Ibnrteen feet, as this will have much to do in detennining the 
extent of the illuminated disc upon which the image is to be 
thrown, and the magnitude of the image itself. The diameter 
of the disc should be about one half the distance between the 
window and t|ie sereen. The window must be closely fitted 

m 

with ft firm shutter or board, in the centre of which must be 
cut an aperture suitable for the reception of the instrument : 

thus all the light \Mil be excluded but that which is to jjass 
through the instrument and illuminate the screen. 11, however^ 
the shutter be furnished with an additional opening, which may 
be readOy closed when necessary, it will be found extremely 
convenient for the purposes of ascertaining the position of the 
clouds, the state of the weather, &e. 

Figure 20 represents the external appearance of a solar 



Fig. 20. 




microscope .*^A> a side view of a square metal plate^ which is 
to be firmly fixed to a window shutter ; H, the tube containing 
the condensing lens : between this lens and the plate. A, is an 
aperture for the admission of lai^e phantasmagoria and other 
alides; near the end of the tube is attached a bar, with a ra^k 
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for oanying the slider-hold«r and magnifiers ; the said slider- 
holder, with its field-lens ; and D the arm for holding the 
magnifiers ; R is a plane mirror, which is exposed to the sun, 

and capable of bein^ adjusted to its azimuth and altitude by 
meanf! of the milled heacis, e and f. 

I his adjustment requires adroitness, in order to ^eep pace 
with the varying position of the snn: the great object of it is 
that the sun's lays may be reflected irom the mirror directly 
alon^ the axis of the instrument, so as to form, alter passing 
tlifough the condensing lens, a circular disc upon the screen : 
when this is obtained, it will be a certain tesi that the adjust- 
ment of the reflector is correct. Some little care is requisite, 
in showery weather, that the reflector be not injured from 
becoming wet At a convenient distance should be stationed 
a suitable table, or shelves, for containing the various parts of 
the apparatus, vessels coniaimng objects, &c. which sliould be 
disposed m such order that they may come to hand readily in 
the dark. If, however, it can be easily obtained, a small 
indosure, just sufficient for one person to manage tiie instm- 
ment, will be found of great advantage. This may be fitted up 
with every convenience, and a little light being admitted into 
it will not alTect the appearance in the room itself. If the 
magnifier be now inserted into the tube D, and the arm moved 
backwards or forwards until the disc be entirely illuminated, 
the object may then be placed within the sUder-holder, C, and 
adjusted to the magnifier at D, and thus a distinct image, or 
picture of it, will be thrown on the screen.* 

The sliders for inclosing the various living objects must be 
kept clean and dry ; and all the objects, whether animate or 
inanimate, should be carefully arranged u the order they are 
to be viewed. A few small white basins or saucers, with some 

♦ T am informed by tbe Rev. J. B. Reade, tliat it is preferaHIp tn plnce 
the field-lens beyond the focus of the condenser, by which means th( mtcuse 
beat produced at that point is avoided, and the objects or magnitiers pre- 
served from injury. Mr. Reade baa bad SO much practice with the solar 
microscope tbat his opinion is valuable. 
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feathers, &c. for translierring tht living objects into the slid^rs^ 
will be uAeful. For a few minutes previous to the exhibition, 
the room should be retained id total darkness ; or if a little 
light be necessary, it shoald be supplied from a lamp; 
the reasons for which are these ; in darkness the pupil of the 
eye dilates, and becomes capable of discerning the minutiae of 
objects with greater facility and exactness ; and the dull yellow 
flame from a common lamp, by its contrast with the lesplen* 
dent whiteness of the sun's light, serves but to heighten the 
e^ct* 

The sple* fion of objects should g^reatly depend upon the 
taste of the company to whom they are to be shown. When 
amusement and general instruction are principally aimed at, 
large living objects, such as aquatic larvae,* &c. wiH answer 
the purpose very well; also the splendid wings of foreign 
butterflies; thin sections of fossil woods, charcoal, jet; 
the circulation in animals and plants ; solutions of salts 
made to crystalli7.e by evaporation : and silver from a state of 
solution precipitated upon small pieces of copper wire, thus 
forming what is called the silver tree ; — all these will prove 
highly interesting when viewed under the miscroscope. And if 
to these be added the various manufactured fabrics, such as lace, 
blond, muslin, and the like, and the contrast displayed between 
them and the transverse sections of diflerent woods, plants, 
&c., I know of no exhibitions that wiH serve better to elucidate 
the perfection and pre-eminence of Nature's structures over 
the most ingenious contrivances of art, and to tngrait u[)()n ihe 
youthful mind impressions, not soon to be obliterated, of the 
Almighty hand that created them. 

To the more scientific observer, objects in detail will be of 
deep interest : for instance, the proboscis of the fly, its feet, 
&c. ; the lancets of some insects ; the tongue of the bee ; the 
singiilar and delicate ibrms of the different infusoria, and the 
arrangement of their internal organization ; the markings on 
• See MieroBcoine lUaitiatioiM. 
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i\ie scales of butterflies, moths, &c. ; sections of fossil v oods, 
and longitudinal sections oi woods of recent growth : in shorty 
myriads of specimeDi may be procured, both of vegetable and 
animal atmctnres^ accommodated to the intellect of every Ita- 
man being, and calculated to adYance the most profound philo- 
sopher a step onward in the great path he is journeying, toward 
comprehending, as far as the mind of man can comprehend^ 
the immensity^ beauty, design, and order of God's works. 

As much, however, will necessarily depend upon the select 
tion of magnifiers suitable for particular objects, it is advisable 
to arrange the objects according to their sise, commencing 
with the greater ones, which require onlv shallow magtiiliers, 
and gradually proceeding to those which are to be viewed with 
the deepest powers. Notwithstanding, it will leave a good 
impression, ordinarily, to conclude with representing a coir 
lection of large living objects under the lowest power of the 
instrument. \\ liil>t chajiging; the object or slider, a screen 
should be placed before the instrument for the purpose of ex- 
cluding the extra light which would be otherwise admitted, and 
tend in a great degree to destroy the effect, by causing the 
pupil of the eye to contract. 

Although the preceding remarks may seem to refer especi- 
ally to the solar microscope, still, as both that instrument and 
the oxy-bydrogen gas microscope resemble each other so very 
closely in roost particulars relating to management, it would be 
almost a repetition of words to give them, in this respect, a 
distinct consideration. If, then, we substitute the regulation 
of the gases, the adjustment of light us to distance from the 
condenser, and the arrangement of the lime* ball, or cylinder, 
for the employment of the sun's light by means of the plane 
reflector, little more will remain to be said upon the subject. 
As very much of the effect will always depend upon the quali- 
ties of the lime, I would recommend the trial to be made of all 
the various descriptions of lime that can be easily procured ; 
and after they have been well baked, let that be selected which, 

p 
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withoflt bargtm^, affords the steadieftt and moat brilUaiit light. 
In putting the gas appamtas into action, the hydrogen should 
be turned on first, and the lig^ht iiisUiitly a;)plied to it ; after 
which, by a due supply of oxygen, the dull bluish-red Hame 
will gradually change its character until the lime situated near 
the numth of the jet shall beeome entirely igmted, when it will 
be succeeded by an exceedingly intense white light If too 
much oxygen be admitted, the light will be totally extinguished. 
A very little experience, however, with some attention, will 
enable any one to ibrm a true judgment as to the correct 

proportions. 

« » - . ■ 

I shall conclude this little treatise by appending a few cur- 
sory observations. — l lie solar itiicroiscupe is admirably adapted 
for tracing with a pencil a magnified likeness of any minute 
object, which may be done with great fiicility and precision by 
placing a sheet of white paper in front of the screen^ and throw* 
ing the imagt; directly upon it. The exact proportions of the 
different parts, and ihoir relative situations, by far the most 
difficult points to be attained in drawii^s of this nature, (see 
Microscopic Illustrations, on this subject,) may thus be achieved 
by merely the mechanical motion of the hand. When living 
objects are to be drawn, what are termed angular sliders should 
be provided, to retain them ; for, when placed in these, they 
will hoon, by their restlessness, thrust themselves into situations 
of restraint well suited for the purpose* This form of slider 
will also be found eitremely conyenient for showing the circa- 
lation in the water-newt, or any snmtt fish. If the drawing of 
objects be principally aimed at in the use of the instrument, 
a small moveable screen, expressly constrncted for it, of just 
suflicient dimensions to take in the projected image, may be 
interposed between the instrument and the original scveen; 
also, its texture being appropriate, the image wiO be seen 
more distinctly behind the small screen than in the front of 
it, in which position there will arise no obstruction to the draw- 
ing, troni the shadow of (he hand. 
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BXPreiHgNTS ON THE POLARIZATION OF LIGHT WITH THE 
SOLAR OR GAS MICROSCOPES. 

In most of the different arrangements for viewing the won- 
derful and ofteDtiiiies beautiful phenomena displayed by varioiia 
bodies, whea submitted to the action of polarized light, the 
quantity of light which can be obtained is so extremely small, 
that very faint impressions consequently result from it. In 
solar and gas microscopes, where an abundance of light is 
readily supplied, all these properties may be exhibited with 
exceeding brilliancy ; for which purpose a slider must be so 
contrived, that the crystal^ or other bodies to be examined, 
may be placed between two plates of tourmalines, or two single 
image calc prisms, bundles of glass plates, &c. 



When a transparent object is placed in the solar or gas mi- 
croscope, the illuminated disc, upon which the image is viewed, 

is made up not only of the light which is transmitted through 
the object itself, but of that portion also which, not having 
come into contact with it, passes more freely through the in- 
strument. This extraneons light, in cases where a delicate 
object is exhibited, has so great a tendency to subdue the 
image, that but a very faint impression of it is produced upon 
the screen. Opaque objects, the repreiientations of which are 
seen entirely by the light reflected from them without the inter- 
ruption of any extraneous light, haire all their beautiful mark- 
logB and colours displayed in the greatest possible perfection. 
From the intense heat, however, always accompanying the 
condensation of solar rays, very ruiuute objects are liable to be 
too seriously injured (if not absolutely burnt up) to be risked 
in solar or gas microscopes : those of moderate size, therefore^ 
are necessarily nsed, many of which, such as small flowens, 
shells, &c., and the basso rsHevo on medals, will b^ fonnd to 
be highly mtcresting. 
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Id exhibiting the internal structure^ circulation, pulsation, 
and peristaltic motion of the alimentary canal and other organs 
of aqnatic lame, &c., * specimena ahould be selected immedi- 
ately aabseqnent to the shedding of their skins, in ^ich con- 
dition the exterior covering is much ^nner and more trans- 
parent than at any other period of their existence. If the same 
living objects are to be preserved for a second use, care must 
be taken that they be provided, on being removed from the 
instrument, with fresh water of a temperature not much below 
that of the water which is contained in the slider ; for, by sud- 
denly immersing them in cold water after they have been heated 
by the sun, you would inevitably destroy them. 

If the carnivorous aquatic iaiva) of insects be kept hungry 
in clear water for a short time previous to their being viewed, 
and then provided with appropriate food, or, in its absence, 
with the eels found in sour paste, for which they have a relish, 
their peculiar mode of satisfying their voracious appetites 
will be a subject of curious examination. The eels in paste, 
and many of the infusoria, are often so exceedingly crowded 
in the vessels that contain them, that additional clear water is 
absolotely necessary before yon can obtain a distinct repie- 
sentation of them. Hiis operation will be performed with good 
effect whilst they are under the iiistniTuent ; or, what perhaps 
may be more convenient, let a slider lurnishcd with a due 
quantity of clear water be first placed within its holder, and 
then add a drop of the infusion including the animalcules* 

Among aquatic larvsD, the most beautiful and delicate are 
those of the nomerous species of gnat, but more especially that 
of the straw-coloured one {Chirononms plumosns) described 
and drawn in the Microscopic niustrations; the larva of some 
May flies, such as that of the Epkemera marginata, given in the 
same work. For these creatures a deep vessel or slider should 

* The '* Microscopic Cabinet*' and " Illustrations" contain descrip- 
tions and drawings nf avariely of the most choice Uting objects for these 
instrumeats. 
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be obtained^ and the instrumetit should admit of it moving up- 
mifds and downwards^ as they rise occasiomilly for respvatioD. 

I have just hinted at the disadvantageous consequences^ in 
reference to the use of these instruments, resulting from the 
association of heat and light ; in shorty that numerous objects 
wonld be totally destroyed^ if subjected to that intensity of 
heat which univeraally accompanies the acquisition of a suffi- 
ciency of light for iHaminating solar and gas microscopes* * 
The inference to be drawn from this consideration is, that these 
two instruments are necessarily much restricted in their use, 
because, requiring, as they certainly do, a far more powerful 
iight than other microscopes in order to give an equal e£fect, 
a multiplicity of objects in every way adapted to other instru- 
ments are ihefeby wholly excluded from them. To do away 
with this obstruciion to extending the power of these micro- 
scopes to their utmost capability, I have interposed transparent 
media between the condensed light and the objects^ such as a 
laige alide^ filled widi clear water^ placed immediately behind 
another containing delicate living objects, and thereby in a great 
degree reduced the heal, it appears, however, from the va- 
luable experiineiiis recently made by M. Melloiii " On t/te free 
iranmnisBion qf rcuUant heai through different solid and liquid 
hodtes/'-f that heat and light may be separated (o a very greai 
extent; for some bodies, while they transmit nearly all the 
heat, do not transmit any light; and for our purposes there are 
several diaphanous substances which transmit very little heat, 
as alum, the salts of soda or potash^ fluor spar, &c. Thus, 
out of 100 incident rays, the following pass through the same 
thicknesses of — 

Ice very pure (diaphanous, colourless) 6 

Sugar melted, (do. yellowish) 7 

* In the gas microacoptSy a piste of mioa plac«d between die light and 
the fiistcmideiiiiff will {wevent the latter from breakage by the beat. 

f Annalee do Cbimie et de PbysKiae, t*dd, p. 1, and t 55, p. 337. 
Alio see an ezcetlest tranelatios in the first part of the Scientifio Memoire, 
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^lunij » . » . . ••••••••9 

Citric Acidy . . (colourless) . . * . . .11 

Gum, * • (diaphanooA^ yellowish) ••....18 

Wlute topu, (do. ookmrieBs) •••• - .33 

OIw, (do. do.) 39 

Flnate of lime. (do. greenisb) 46 

Rock salt (do. colourless) 92 

A. P, 
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I.— 0» Cumer*8 Method of Dissecting Microscopic Sub- 
jects under Fluid; with Additions. 

a new Method of obtaining a delicate Adjust- 
nmU to the Focus of Microscopes. 

III. — On an uaproved Mode of Supporting a Candle or 
Lamp for Microscopes, 



1. — CUVIEK S METiiOD OF DISSECTWG MICROSCOPIC SUBJECTS IN 

FLums, WITH ADDinom. 

Being requested some years ago to make a dissecting appa- 
ratus to a microscope, similar to that usually employed by 
CcviBR^ which coDsists of a metallic trough^ simlar to fig. 22, 
it occurred to me that for many purposes, where the subject 
under dissection was not quite opaque, a glass bottom to 
the trough would be an improvement, and accordingly I made 
some, and iiave found them very useful^ as suilicient trans- 
mitted light is often obtained. The addition also of coarse 
micrometer lines, cnt on the disc of ghws, renders it more 
complete. One of these troughs is shown at fig. 21 : they 
are attached by a bayonet-joint to (he common stage, or At 
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into the moveable one at o, fig. 1^ plate 1, and can thus be 
tamed in auy direction. 

Fic. 21. Fig. 22. 




M. le Baron Cuvier'a method of osing these troagfaa ia aa 
IbUowa : — Take a composition of beea^-wax and Venice tnrpen* 
tine, or Canada balsam, and line the trough with it while 

warai ; then lay in tlie subject to be dissected, first having 
dried the paits that are intended to be tixed to the compo- 
aition, and when the whole is cold, the dissection may be com- 
menced, die trough being first filled with water^. 

By fixmg a subject in this manner its parts are more readily 
separated, and beino; covered with a flnid, the adrentitioaa por- 
tions are easily washed away with a camel's hair pencil. 

The knives used for dissecting microscopic subjects, are 
nsually made similar to those empbyed by ocutists for opera- 
tions on the eye, and ihe scissors, described in the " Cabinet," 
page 243, are highly useful. When the subjects are mmnte, 
I have found a great advantage in having the small cutting in- 
stroments fitted into handles, in which their lengths and 
consequent eksticity can be varied, and for these handles, 

• Microscopic dissections are of great value; they are now beginning 
to be appreciated, and ought to be encouraged. It is impossible to de- 
termine, with accuracy, the organization and functions of the smaller 
tribes of animals and vegetables (which, from their numbers, often pro- 
duce serious consequences to man), without careful dissection of them. 
In my humble opinion, it is to be regretted that the Society of Alts, ta 
place of rewarding Cuvier's troughs, which are not new, had not re- 
warded the candidate for hie indoetiy and patience in making nuooecopic 
dieicrtinna, and tbus have directly promoted this valuable and isftportaat 
bnach of natonU hietoiy. 
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needles of various kinds^ especially the leather-workers^ when 
gfcound on a fine hone» afford very useful instruments for di»- 
sections. 



II. — ON A NEW AND SIMPLE METHOD OF OBTAINING A D&LICAT& 
ADIU8T1IBNT OF THE VOCl OF mCBOSCOPES. 

In Chapter XV. of the Microscopic Cabinet, I have de- 
scribed the various methods by which the adjustment of the 

focus of microscopes is eflected ; such as the rack-and-pinion, 
the screw, the bent lever, and tiie excentnc*, with their various 
advantages and defects, I have also minutely described a plan 
of mine, by which a coarse and fine movement may be readily 
obtained. This is the primary object to be accomplished. Now 
although that method is unobjectionable for the microscope, 
where single lenses or doublets are used, yet it is not so when 
applied to an engiscope (that is^ compound microscope), the 
sise and weight of the body to be moved rendering it unsteady. 
To remedy this defect, various ingenious contrivances have 
been devised, retaining the rack-and-pinion movement, for 
coarse adjustment, and applying the finer one to the stage 
which carries the object. All these methods^ however, where 
the desired effect has been obtained, have been so complex, 
that it is not likely they wiU come into general use. Under 
these circumstances I was led to construct the following, which 
it is not probable will be surpassed in simplicity or effective- 
ness, and, what is of great importance, cannot be easily de- 
ranged. Figure 23 is a perspective view of it. 

It consists of a plate attached to die stage of the instrument : 
on this plhte is fixed a socket for holding a fine steel screw 
with a conical point, which latter acting against a block 

* See Tr«auAe oa Opiival Instrament*, p. 36, fig, 36, 
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carrying the object held in a safety slider-holder, is forced 
upwards by the conical end of the screw acting as an inclined 
plaoej while a wptmg is so ammged as to keep it down to its 
bearing. Hie milled-bead of the screw, if leqniiedy might 
be divided, by which means Ae eleyation or depression wonhl 
become a measured quantity. 



Fig. 23. 




iiL^>N AN mnamD mods or scpportino a gamdlb ok IiAmp 

FOR WCEOSCOPBS. 

Observers with the microscope are fiilly aware of the im- 
portance of the proper iUnmination necessary to make that 
instroment produce the best eiiect: much depends upon the 
direction of the illuminating source^ and when once properly 
arranged^ any accidental alteration destroys the effect, and the 
whole must be commenced afresh. From these considera- 
tions I have been induced to attach the holder for carrjing the 
candle or lamp to die stand of the instroment, as shown in 
the sketeh below, by which the not unfreqnent movement of 
the instrument, especially when more than one person is ob- 
serving, will not affect the direction ot the illumination, as all 
will move together. I am convinced those who have much 
employed a microscope will appreciate this trifling improve- 
ment, and approve of its introduction in this work. 
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A is the stem of the stand of a microscope ; on this the 
socket slides to the required elevation, and the arms allow of 
the light being placed in any direction. B is a shade^ to take 
off ihe direct light from the obserrer. 



Fio. 24. 



A. P. 
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No, 1. 

ON MAKING DRAWINGS OF MICROSCOPIC 

SUBJECTS; 

In a Letter, hy FRANCIS BAUER, Esq. FJtS, P,LM, 

Sfc. ^c. 



Dba« Sir, 

I FEEL great pleasure in complying with your request, by ex- 
plaining my method of making correct magnified drawings with 
microscopes. I often wished to have an opportunity to publish 
such an account ; and f think your forthcoming ^ Micro^raphia" 
would certainly be the most proper for promuigatmg such a 
UAeful subject. 

Hie requisite apparatus for ascertaining with a microscope 
the correct dimensions and proportions of any minute object^ 
are two glass micrometers, each of forty divisions to an inch, 

and crossed or squared over their whole surface, similar to 
those you made for me. One of them ought to be pretty 
sharply engraven, on a very thin and clear plate of glass : this 
micrometer is fitted into the eye-piece in the focus of the eye. 
lens; the other micrometer, which is used on the stage, ought 
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to be very strongly engraven, and its lines well blackened, 
tJiat they might be distinctly been when viewed through the 
micrometer in the eye-piece. When my microscope was tiras 
armed and adjusted^ I asoertaiiMMl tlie acting magnifying powers 
of its objectiTe lenses^ which ia effected by placing the stronger 
engraved micrometer on the stage, and viewing and carefully 
obiterving, through the micmrneter in the eye-piece, how msLny 
divisions are occupied by one division, or fortieth part of an 
inch of the micrometer on the stage : I found that with the ob- 
jective. No. % it occupied precisely ten divisions each way, 
and cottseqnently divides one linear inch into 400 parts, and 
one square inch into 160,000 squares. 

HaviJiu thus ajiccrlaiiied that every division of the micro- 
meter in the eye-piece is equal to a 4U0th part of au inch on 
the stage, and every square on that micrometer represents a 
1-160,00001 part of a sqnaie inoh, I now retain dae adjiufr> 
ment of the microscope permanently, and have no more occa- 
sion to use any micrometer on the sta^^e for future operations. 

VV hen I wish to make a magiiilied drawing of a very minute 
object, I trace on my drawing-paper a number of squares, 
limilar ta those on the micrometer, of which each division is an 
inch (linear), which conseqnently is 400 times longer than a 
400th lineal dividon on the micrometer in the eye-piece (see 
fig. 1, plate 3), I the a place the minute object, which I 
wish to measure, ou the stage, view it through the squared 
micrometer in the eye^ece, and move the object on the stage^ 
till it comes into a proper position to be easily examined; 
that is, till one extremity of the object touches one line of the 
square on the micrometer in the eye-piece. I then trace on 
my ruled drawing-paper a correct outline of the object^ as 
in fig. 1, A, B, C, D, E, andiind that A is 2i-400th parts of 
an mch long, and about l-900th part of an inch in breadth or 
thickness, B is 2-400th parts of an inch ; G, 1400th ; 
D, l-800th part : and the three very minute fossil animalcules 
at E, about l-1200iii ui an inch in length, and proportional 
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in breadtli. The f;lobular furij^i at F are l-1600th part of an 
inch in diameter, and the very minute globules of blood at G are 
€a€b about l-2400th or l-8600th part of an inch in diameter. 

Having Cbiia secured comet outltnea of all the objects under 
examination, I €nish the drawing by reviewing the objects 
with another microscope of higher power (perhaps 3(J0 or 400 
timeSj) by which I am enabled to introduce and mark cor^ 
rectly all the minute parts of the objects. All the objects re- 
presented at fig. 1 are magnified 400 times linear, and 
.ICOjOOO times superficial. 

I mast here remark, that in all my mioniioopio drawings 
I have used the English measure. 

I must also notice, that in adjusting the microscope for 
ascertaining its magnifying power^ great caie must be 
taken that the lines of the square of the micrometer on the 
stage exactly join and encompass the lines on the squares on 
the micrometer in the eye-piece^ which is not always the case, 
or witii some objectives the laiage may perhaps be found to 
occupy nine divisions and a fraction, which would occasion 
much calculation and trouble to produce a correct drawing* ; 
but this difficulty is easily obviated, when the microscope is 
constructed widisU^ng tubes, for by elongating or shortening 
the tubes, the instrument can be adjusted to the greatest ex- 
actness, and on that adjustment depends th<; correctness of the 
vi^ole. 

When I intend illustrating objects which are larger than 
l-40th part of an inch, and would be uselessly increased If 
magnified 400 times linear, I rule the drawing-paper into 

squares or divisions of half an inch, and proceed in every 
respect as in tlie former case ; the drawing thus produced will 
be magnified 200 times linear, or 40,000 times superficial, 
(see fig.^)^ and again, for drawing larger objects, I make 
die divisions of my paper of one-foorth of an inch, which 

• See Ciiajjiter II. 
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will produce a figure inagnitied 100 times linear^ or 10,000 
times superticialy (see fig. 3, plate 3). 

When I have wished to investigate and draw large opaque 
aiumal aabetances, such as the iimer coats of the stomach, the 
papillary vessek of the tongue^ or the internal stmctore of the 
lungs, or tlie spleen, &c. &c. (all such objects must he ex- 
amined under water^ and cannot be brought under the micro- 
scope, and no glass micrometer can be used)—! conceived 
and used another method, viz., I had several silver'plates (of 
abont a square inch, and about the thickness of a shilling)^ 
constructed, and iu the middle of them regular and accurate 
square holes or perforations cut out, from half an incli to a 
1-lOtb of an inch linear, (see fig. 4, plate 3.) When I wished 
to examine soch opaque objects under water, 1 placed one of 
these plates upon a chosen spot of it, and tracing on my pre- 
pared drawing paper, (divided in squares of the size re- 
quired); for instance, when a [)f i loratn)n of 1-lOth of an inch 
is employed, I made my squares on the drawing-paper three 
inches, by which the pecforation, and aU that is encompassed 
within it, is magnified thirty times lineally, and 900 times sn- 
perficially ; and tracing and portraying correctly on my paper 
the imagtt of the perforation, the drawing mil be magnified 
30 times linear, and 900 times superficial. 

I often wished to improve this silver plate micrometer, by 
dividing, with some fine silver wires, the orifices into smaller 
divisions; for instance, the quarter part of an inch might 
easily be divided into four squares, and the half of an inch 
into sixteen squares, whit-h would greatly facilitate the opera- 
tion and the production of correct drawings ; but I could 
never meet with any workman who could execute it properly ; 
but I have no doubt yon would soon eflect this, or any other 
improvement of this useful instrument. This apparatus should 
always accompany a complete microscope. 

I have now adopted and practised tliese methods for more 
than thirty years, and 1 do not hesitate to state, that, in my 
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opinion, they are the simplest^ the easiest^ and perhaps the 
be8t^ for producing correct magnified microscopic drawings. 

I avail myself of this opportimity to acknowledge and 
correct an error into which I had inadvertently fallen^ when 

(in the year 1816) illustrating the particles or globules of 
the human blood : I was then provided with very indilierent 
optical instruments;, and stated the diameter of a globule 
of the human blood to be 1-lOOOth part of an inch: but 
on a subsequent investigatioii, with a somewhat improved 
apparatus^ I corrected that error, and noted the diameter 
of these globules to be l-2000th part of an inch; but 
having since obtained an improved achromatic microscope, 
and repeated the measurement with that instrument^ can 
now state mtli certainty, that each of the globules of the 
liuman blood is 1 -2600th part of an inch in diameter. I am 
therefore very anxious to give this explaiiation, as I perceive 
that my former erroneous statement is still quoted in some 
recent publications. In the Penny Gyclopasdia, Vol.. V. 
page 4, a table of the sioe of the globules is given. The 
author concludes his account of the human blood thus • 

All observers are agreed that the size of these particles, 
as long as they retain unimpaired the form they possess on 
escaping from the blood-vessel, is perfectly uniform ; but 
their real magnitude is variously estimated; thesise of the red 
particle of human blood is, according to 





. 1-9000 part of au inch, 




. 1-5000 


do. 




. 1-6060 


do. 




. 1-4000 


do. 


Ptevost and Dumas . 


. 1-4076 


do. 


Hodglun and Lister . 


. 1-3000 


do." 



Hiis table proves how ^fficult it is to ascertain that point ; 
bat it also proves, ' ibat however erroneous my statement of 
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l-SOOOdi pari of an inch then ma, it was nearer the truth than 
the other meaauTementa. 

In hopea that the above wSi prove eatiafitctory, 
I remam, dear Sir, 

Most sincerely yours, 

Francis Bauer. 

Kew-Green, Not. 1836. 

To Andrew PrUekard, Esq, 



EXPLANATION OF PLATE UI. 

Figure 1. — k, B« C, D, are magnified ootlinea of Foasil 
Infusoria, composing Tripoli, which has lately been disco- 
vered at Franzenbad, m Bohemia*. F is the outline of Tour 
globules or sporules of the lungus Uredo fcelida, which pro> 
duce the disease in wheat, called smut-balls or pepper-brand ; 
and G fepreaenta globolea of hnman blood. All the drawings 
in fig. 1 ate magnified 400 timea linear, or 160^000 times 
superficial, so that the teal dimemrions of the above bodies 
are < <i>sily olMiuned by a direct measurement of their outline 
in the drawmg. 

Figure 2w — A represents the outline of a grain of poUen of 
the Patfiflora quaA'anguiariB ; and a grain of the (E$§o~ 
tkera Lmdletfona, The otjeets in tbis^ figure are magnified 
800 times linear, or 40^000 times superficial: that is, each 
sc^uare space represents l-40000th part of a square inch. 

Figure ^~A is a capsule of fern, Aspidkm trijoliaium ; 
and B the same, burst open, with its sporules or seed thrown 
ont. These objects are magnified 100 times tinear, or lO^NNI 
tames snperficial. 

Figure 4 represents the silver plates, with apertures of 
different sizes. 

* Thttie i«mainB of the Infiisoria am die tilicioiis sbsils of snlaudculea. 
Some genera exhibit series of delicate tranBveise aiaildngs : they are best 

seen as transparent objects, in spirits of wine or Canada balsam. They 
belong to the division Bacillaria. — See my NatOISl HistOiy of Aaimalcilies* 
page ^9 } also $ 71 (?4), 85, 89, dcc^A. P. 
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I 

ON 

A NEW METHOD OF ILLUMINATING 
MICROSCOPIC OBJECTS. 

Bii ike Rev. J, B, READE, M^. of Cauis College, Cwnbridgd 



In Dr. Gorin^'s valuable Memoir on the Verification of 
Microscopic Phenomena, it is observed, that " the verification 
of the real nature^ form, and construction, of a vast variety of 
objects which elude the lense of touch by their extreme 
ninnteiiess, can only be nmde ont by an attentive study of 
their appearances, under a variety of tnethodt ofiUuminaHoii^^ 
Tlie methods of illumination at present adopted are four in 
number, and comiist m the application of direct and oblique 
reflected light, and direct and oblique trantmitted light. 

The first tiro methods are applicable to opaqne objects^ 
but for the eiamination of transparent objects all the methods 
are availabh?. Hie two latter^ however^ it is well known, are 
those most commonly used. 

Now, when microscopic objects, not opaque, are viewed 
with oblique reflected Ught — the flame €i the candle being 
placed higher than the stage of the instrument, and its light 
condensed upon the object—it is invariably found that the 

• MicMteepicCalaBet,pa83,$ 16. 
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maximum of condensed light which can be obtained by 
this method ia insnfficieiit for the full development of many 
impoftant characters. If, again, transmitted li^t, either diiect 
or oblique^ be sabstitiited for reflected lights obstades of a 

still more serious nature greatly interfere with accurate 
investigation. Dehcate tints are lost ; colours naturally bright, 
or even brilUant, are all but absorbed ; the texture and con- 
fltmction of objects are erroneously represented ; and, in fact, 
nothing is seen^ in many cases, but a magnified image of tlM 
object in mere black and white. Nor is this all ; for besides 
this defective representation, the eye of the observer is always 
subject to much painful excitement, arising from the intense 
illumination of tfte whole field of view. And here,'in fact, lies 
the great practical inconvenience of the present method ; for, 
to take a common case*— an object about 1-300th of an inch in 
diameter being placed in the middlr of the field of view, the 
diameter of which is about l-12th of an inch, and consequently 
being l-625th part of the area of the field of view, the eye has 
to contend with 624 parts of bright light, which are not 
brought to bear upon die illumination of the object. Hence, 
a method by which this intense glare shall be wholly removed, 
and that without the loss of a single effective ray, must t v ideiuly 
be superior to the one usually employed, in die ratio of at least 
600 to 1. 

Bemg lately engaged in the examination of a few Utt objects, 
I happened to notice that the feathers of the Lycana argtts, 
when held above the flame of a candle, exhibited at a certain 
angle all their peculiar tints, and at the same time the flame was 
not visible to the eye. It then occurred to me, that by pre~ 
serving the same angle under the microscope, the advantages of 
amplification would also be accompanied by die natoral colours 
of tlie object. The requisite angle was readily obtained by 
making the axis of the microscope comcide with the line from 
the object to the eye, while the candle and the object retained 
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their relative positions. The result accorded with ray antici- 
patiou^ and 1 \\ as gratiiied by the exhibition oi the most 
biiliiaiit duunond tints, sparkling with exquisite lostie on a 
jtt'hUusk gmtni^ This new method of fflureinating micioe- 
eopie objects, it is aft once apparent consists In obtaining 
oblique refracted light. * 

On submitting a series of objects to the same illumioation^ 
I was soon convinced of the yalae of the discoveiy ; and I 
scarcely know which to admiie most — whether the very natn- 
ml appearances of objects, adomed, as ihey in variabl j ave, by 
^ presence of their most deiicaie colouring, or the personal 
comfort of the observer, arLsing horn the absence of ^dl super- 
fluous light. To illustrate the two methods by a reference to 
the telescope, it may be observed, that the discomfort of view* 
ing spots on the sun not nnapdy cotresponds with the view of 
miscroscopio djects on an illnannated field; while the re- 
moval of all inconvenient and ineffective light from the field 
of the miscroscopc; corresponds with the clear and quiet view 
of stars on the dark blue vault of the firmament. 

The most practicable mode of obtaining the ilhnnination 
now described is to fix the object on the stage of the misoros- 
cope, in die usual way^ the axis of which must be mclined to 
the table, at about an angle of 45% and then to place the 
candle about two inches below the stage, and about one or 
two incheB to the right or left of it; but this lateral distance 
must be ?nimd, according to the natuve of the object and the 
an|^ of aperture of the mstmnKOt. Itmust be cnveftdly beme 
in mind that the illmninalion wfll not be correct vnless the 
field of view be wholly darkened. 

To obtain this kind ot liiumioatiou with &cility and eilect, it 
will be necessary to make some alterations in the construction of 
the instrument : as, for instance, in order to applycondenaed light, 
tbe arm of the condenser must be placedinnbatt^nd-socket jotn^ 
or some tfimilar contrivance must be adopted ; for when it is 
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perpendicular to (lie axis of the microscope, its introduction di- 
verts Uie course of the rays from the candle to the stage^ and 
■ot nnfieqiieiidy iUwniiiatas the field of view. The nanor 
alio cttmot be made available in its pfeaent pootion^ for tbia 
kind of tUmnination, becanae light, when tefleeted ffom i^ 
must of necessity illuminate the field. It must therefore be 
fixed on an t^xteoded and jointed arm ; and when so con- 
structed, microscopic objects may be viewed even in the day- 
time by obbqne lefiracted light. Again, a veiy remarkable 
miefoicopic effect will be produced by giving a small vertical 
HD^ular motion eiUier to the body of the instrument or to the 
stage, as in Goring's Engiscope*. By tliis nipanH, the plane 
of the object which, owing to the present construction, is of 
necessity parallel to the diameter of the object-glass^ may be 
inclined to it at different angles ; and we shall thus obtain 
obHque tnstofi as well as obUque Ubtmmaium, These two 
conditions are absolutely necessary lor obtainine;', in many in- 
stances, the true effect of coloured objects even with the naked 
eye, and the introduction of magnifying powers between the 
object and the eye does not render these two conditions a whit 
the less necessary. 

The effect of this new method of illumination may be tried 
with advantage on various tiiibjects of the larger kind, as cut- 
tings of wood, scales of fish, and wings of insects-f-. We may 
also apply it, with peculiar interest, to the investigation of the 
elementary organs of plants; animal tissues; mosses; coral- 
lines ; crystals ; and die scales of insects of the orders Lepi- 
dopteraand Thybaaura. Ineachandall of these some striking 
and hitherto unperceived character will be developed, and 
the observer will rise from his pursuit with a more thorbugh 

* See Microscopic Illustrations, page 39, fig. 1 and 9. 

t Among tlie various objects which bhew the superiority of this kind of 
iliumination over transmitted light, the spiral vt^iiiiels of the hyacinth and 
the pollea ol the couvoi?oluB major are the most decided.~A. P* 
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peimuioii tliat the Beiog whose word is power, and by wlioiii 

bis own body is fearfully and wonderfully made/' has equally 
exhibited the matchless efibrts of his skill in the exquisite 
polish of an insect's joints; in the opening of a leaf; and 
the penciUing of a flowerv— To be a theoretical atheist is 
impossible. 

feckham, Nov. 1836. 



THE END. 



Wilson aud Son* Priotera, 67, Sklnoer-Street, London. 
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IN THE COURSE OF PUBUCATION, 

{Jbi Monthly Numbers, price 4*. ^d, eacia^ 

BRITISH ENTOMOLOGY, 

By JOHN CURTIS, 

Honorary Member of the Ashmolean and Nat. Hist. Societies ut Uxiordj of the 
Imperial and Royal Academy of Florence, ftcw 

2b h% empktsd m Sixteen Vobmee, rojfol odavo. 



This Wobk contauis niustralaoiis and Deacriptions of the Genera of 
Inseets found in Great Britain and Ireland, and comprises Coloured 
Figures from Nature of the most rare and beautiful Spedea, and in 
many instances of the Plants upon which they are found. 

The Twelve Volumes already before the public embrace 576 Genera 
of the diflferent Orders, the characters t f which have all been taken 
from specimt'iib dissected by the Author, and include above 4300 species, 
and a great portion of them arranged in the synoptic lists, with refer- 
ences to the writers who hmt described and iigured them, and to a con- 
ddmbte extent t^eir liaHta and timea of appearanee liave been added. 
Th» Flates exhStnt 678 Coloured flgurea of Insects, dranhi from Nature 
hj iSb» Author, (excepting a fev of the Caterpillars,) as well as repre- 
sentations of 536 Plants, many of them rare and lo^nl species : this it 
is hoped mSl render the Work acceptable to tibose who wish to recog- 
nise our native Plants, and some value, perhaps, may be attached to 
the l'i2;ures by Botanists, when it is known that they have all been 
drawn from wild specimens, either gathered by the Author in his excur- 
sions, or transmitted to him by his friends. 

The Volumes, iii extra boarda, may be purchased separately, price 
2/. 14#. each, excepting Vol. I., which is 2/. I7t. 6d« 



In consequence of til e heavy expenses uttciuiing the publication of 
the above Work, the Author is desirou.^ uf disposing of the original 
draunngs, amotmting to nearly 600. The last twelve years he has de- 
voted to the execution of them ; the Insects have been drawn from 
British specimens ; in tiie dissections he has delineated nothing but 
what he has himself observed ; and the Plants have been executed from 
living specimens. 

PROOF ZMPRBSSZOirSv 

Of these there were only four sets, one of which is not subscribed for. 

Gentlemen who may wish to possess the Drawings or Proo& may 
learn the priee, he, by applying to Mr. Curtis. 
57 Upper Charlotte Street, Fitzroy Square, London. 

Dec. 1835. 

All Letters and Parcels relating to the above Work must be 
forwarded Free of Postage and Carriage. 
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Thr> follov.-jn:' oxtrnets are trom scientific Works (^ntainiiig reviews ornoticei^ 
of Curtis's British iintomology : 

" As an entomological work, we think the one before us bids lair to become 
a most decided proof of the superiority of British talent. '* 

Zoohgical Journal, 1824. 
A work fliiis col If ntly conducted wOl, if completed, form a distinguishing 
feature of British Entomology, and ofler even to foreigners a compendinm of 
science and accuracy with which no other publication on the subject can at all 
compete.'* ZoologicalJovrnal, 1825. 

" To repeat the praises which we have bestowed on the precfMling volumes 
of this valuable work would now be superfluous. Its interest continues undi- 
niiiiished, and its usefulness increases as it advances in its progress, rendering 
it indispensable to the scientific entoinologist, whether his attention be directed 
solely to the study of our native insects, or embrace the still wider field of in- 
quiry afforded by those of other and distant countries.*' 

Zoological Journal, 1829. 

** Vous savez qu'a IVgard d uu grainl nombre d'especes, leur determination 
reclame le serours de figures. II est doac de mon devoir de vous iiuiiquer les 
livres ou vous. tiuuverez les meillcures. Celui de M. Curtis, sur les genres 
d'insectes iudiijenes rAiigltterrc', me paralt avoir attaint VuUimninm de la 
perfection. Tous lea caracteres de detail y sont rendus avec la ])lus grande 
nettete et fid^lit^." Cours d' Eiitomologie, par M. Latreillr, 1831. 

" We conceive this work to be one of the best publiciUiuns on these subjects. 
The accuracy of the engravings in connexion with the minute descriptions of 
each insect, render it a valuable aquisition to those who arc anxious to become 
acquainted with this branch of natural history. We know of none, when fomicd 
into a volume, that on a perusal would give more pleasing views to the mind 
of a young entomologist than this. 

" Perhaps nothing has been so little regarded by the generality of persons as 
the insect world, yet nothing exhibits greater wonders, or calls for more in- 
quiries. When this is taken into the account, it greatly enhances the vah o of 
a work that throws such ligbt upon what to thousands of persons has been com 
paratively hidden in obscurity. But this is not all by which it recommends 
itself to the public The exact repiesentations of British Plants form another 
great and prominent feature in its fiivour; for by its assistance the y nu Fn- 
glish botanist may gain an aoquaintanco with almost all the plants indigenous 
to bia native country." Horticultural Register, No. I p 38 

« In rebition to Mr. Curtis's 'Britisb Entomology/ it may be safely said 
tbatfordeganceofdesign and accuracy of execution, combined with the most 
beautiful and exquisitely &iisbed mode colouring, u is a matter of doubt 
wbellier any rival to its Plates can be found within the entire range of entomo- 
logical puUicatious. Their examination must prove delightful not alone to the 
mere entomologist^ but to eveiy eye accustomed to receive pleasure ivom the 
tastelbl representation of nature." 

Wikon and DimeanU £nitmoloffia Edinensi,, p. ^7 
« Mr. Curtis has given sucb eonect and very beautiiul delineations of so many 
of our native Plants, in this elegant work, as to render it, as far as the Plates 
are considered, nearly as usefid and interesting to the Botanist, as it is to the 
Entomologist" « lUmtrathm ofllmering Plants^' No. 1 9. 

For elegance of design, accuracy of execution, and beauty of drawing this 
Work cannot be exceeded.'* FTowTs CaUdogue, 2nd'edit. 
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